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n

S./V

Sirnv

3.^.V

rilmcs JJS

<l«-

sfibiwrn JS9

J<So

>^

7le^.*^

Koii

i\el<i

)

Tub
AJfu
Aebiv
6<>tr

er
5ctlt

<«b<uK<}yia o^ caJ<«« 3*'

acciKr J63

ciale caH«
^6*

OTvai'ouTa cf- IclticL SOS

a <hu.U<

dalei .J6/

7>«b

Rc.n«^, ton«er-ve,/ru.tl

lA «-ottecr

otOTCl

J65

369

^^t «v .er a<n-d o/eOl.imivii-salGoc

l>a

oteii
Kor

A
®

'' 37/

e<x.rve

one, li
. ^^^S^ •'/

lens

arf

TieEtv tli

j^occi.* vajocl- j;';r

to oiifc . tcrntiiiatuyi-t o^

J//



38.

IDEOGRAPHS AND DETERMINATIVES.

I

hjet' dbovrcctse
(let 1 lb vcnicttiv •»/y

il I

S&ah ' CLJOUVn^y S80

5cia> foioirfatvoii J8l

m
/^

ft

x^

!ci\aii

1

,^^

JSJ

7\eTnt gallovra, ZitoeK

• hat 'citl'

ds/ien j«l<a.l'

as^ •mo>v

/ienl- reu.t,Ti.vb .

fi»»li IcHculvoy , de^olaaoTv

Tti^q
I

cuir

^
rmi}

7»o»r

c^v

JVM, ntajfTiQTiinxvly

«lOae rtT\(cTvcteril'

«i oKi'ejf-

Jtf

jy<

jy/

^

ffp

aniei
) <iijanJen f

fiem i
»9a

I

flat

fiem

-^

01 vrKeTs&«.e ,16 arda.'fii*

to fltt'ft/voac

fietc/i

Cbtal

hCArt •»^

It/v

Temale •'//

a Table . J3ecx« , ojjtr-j,^^

inot^foodL, ooocts

c6ish.

OL-roftc

naahtyy}. liver ,lofi-

Sejal-

Tssr



39.

IDEOGRAPHS AND DETERMINATIVES.

H^

w

/

iT..flei,foc«cter-»«»

STTieiV( U'orWj lilenstl* •^"

Tit-

cLODt
o<4le

IKne a.3^, adbitresa. Save,
•net- Txeljt., ajjUei:. (vxuiiUh. foxil

Seya. ' Co jnaVife

^9

+

uoK I
ciowtij l>it«'<l« Jii6

lie»m !« coke

j«/»iHc

;«X'
/^eri t'2»

eintelliali

^ colem

xiliiu

jra.K«i

asKnb

(o fi<

|oect?»nl/al«J« .«i

«• W^

SKa

"Si-

^
ber l>er

AcuiKri
sen
Kam
amen

—> aK^h
'= rat-

io *qiJ>««^«» t* Tn«H< br*a<i.

tJ> Tt»e (<fini.xc»i«g)

afit/ra-mid. JiJUi

nianejriorni Tt'deo^-ram.

^^ ret

'Cb stretel.. -^a»

Co eho-ve

•4^*

r<^

a c>«^«i/'*"^ j 7
*^-''

vrooZ

Soslei 'i

race ( a sliii^

)

eng.'r<»vc ./<J»

^J2

«»3J>

5«?l<l -436



40.

IDEOGRAPHS AND DETERMINATIVES.

eft

.,K

-*J^

AJiO

JiJlt

n«>iifc Ml

^Jt-h

J|

1 J«4-5-

menli tKe Um. nioii" l6i)« chain*

to-r/ievin^ tK« VctUey oj-

Sal. Tl^«oai<»ri<nxo> O'"^';^.^

!

T

A
Jl/JtS

/\

"1
]

cm{-e^«2!

1

11 t

Jfabes

S«K

fttfybOCTJi* Co nvoi'<l Uir t««ii

li h.Tal>ahhf a va.via.t\V oj-

Die fame

4Sy-

lieryV'Wlu. Aartnt. fto\«»»<jf «<'"*""

a &<

CI bdttl' <^"

,.ro

JfSi

vui-af

^^
I

I
^sialic

^67

OcnK-ne-Tnyt > 0.11

-</6.if

AfcK I to set-ie

3fici Cc Srr-Ye

IV 'buUu apiKce Of Ytood of- Ov f^-

~Xi\U
JUL

^_
I _ _^

Set I roxTT.ljTe6.r»"r* lu «l.«>e,r

[
iA^-i'OwA.io t/irovr breoKi c/»^ Oi«

«Tav.r«OL,t6f"(iii lUxxUcnvi
L. • -H 'ij



41.

IDEOGRAPHS AND DETERMINATIVES.

•>-)

Jl

8

3i

^r

//v

^63

-*65

One o^ Ut< <;abt>i ^vj

bd

oeJtT

J4J,

qrcijceSj inai'^^, 6«ciu£i«s,

<_yi»bolof CsiWi J«7.1

'six /••"&«'* l>TecwctOt

a sft-a-n MjO



42.

SYMBOLS

~i \ \

elirnif^i aoucLcif.d

I ^^ natty l>a 'icly soul

i- ,;,' annii )

Sudan. n«lei men. King. ,}od-i<'«''«<'

ri

T.'ffl

d
'1

•P5

cijJnesi'

title o^ a(3Tt^«i
. 0jJ((uXK

a/em.»t« i-n.u4in.<«i»^, «

--»

;iS;ts
Wiirgif*

i
ijiroyer

\

M-trin^i li> -Ov l-eni|><.e

I

foAr

i

I

decLKaVtci.

rv:

f^CifLU. !
thiit5-'>rf«<'"^l««^

M«Kn.ul fioly vvokj . Tt\«eiii^ «»<»'«*

jWt^iH'"



43.

SYMBOI,S

T

|crn

1 1 }

nnn
Ki-r

I net e^

n-

^n

ofl-eii-n^ of Solui JlartCT

ol^j'ti-iVij; o_f- olive ovl

caKe5

\C1

In

Roiusf of Hw <^o<ls

jeTibe of- Ui* lemjale

Kin^* Routfe, («m|tl«

Tcna|ile

I .teals. Jalace-v remfalea

inm
te)n{i)e

tfm^ile

Si

O'-

diVj

n -

: U-iMjjIe oy Ha. in Wt* cltj oJ- :

i>.in,.>le!io/iolLs Tri.'Oe"

(\ Ientile



44.

SYMBOLS

IV^



45.

SYMBOL5.^

ijord ifbattU* ,tomau€.Tor

Sord Of- Hit #»roT-ol

ion! oj- &%*Jt>^

of o>xl cj- land*

^ntWZa* <JU.ee»t. «/ the ICwfounlVie*

<2uee)t. oj-tht luo coxmlViei

•net ii" • lord <jf liie^JieloL

nei» J»^ to^'^
"J-

"'*^- "•-'^'^^l'^-'

^u y««»u« <f«»ci o>uu
^^°"*^';i•f

•

mw MxekTdCa^id t^ ll^e-?^/orth,J.&

mehli-J

tUe Tiiooi»>

Sot%s d^



46.

SYMl->' '] S

2d

liii

ii£

jtaoftKi

dXKi/r
I

n l^bi

C~Ii ;
m«cAlf' moivth oj-

ea

CSI^Tt

L J T* ^^ H ]j|]>i ' ^TVe*t mo-ixtht

fi.«.rve«^ TVL<"ttlv«
c—3 'H'T^

VUL : p7uint«n.oih ^

phfl-rmUow

C~3 : fHuLTtnuihi ••

i A * f<a«rn of- vedeUuioin.

,

Illllf

pocJuTn
«J-

tH* Jfiie 'Mi

noyini ** '*»"'»*^ Itlff

A^>i/>'>'^

e/ii^i] "

en
o

4..
otn I

H

—

n

^t.t'T^'i"^ : thotii i J Lovrcrln^ moy

ttafrri of- veajeUxium. ,(rrji.t^t'

-Vohi

cKvT

Mil""
G-

IiM'

jvao/t?i|i Wic TiioTiMi of.

atfun'

Ifttf'"^
'^

I

-^**^

/tOfllO

L^ '

4«adOTL af- xTsuitdnli'"'

ooii*- •

c/ve/f

L« Sew*** o^ >*• tI»« oJ



47.

SYMBOLS.

e/lejl
I

nio-iitl'- of-

X
X

C~3
, .

ra|



48.

SYMBOLS

VS

B
^
<?-o..S.

Vi

Sihra.

6crJi

'
aqunrius

f



SYMBOLS.
49.

U 9

m
»iu
M
« '

M
A

A-

/»

Till

/i

ptxict., 'reiitit'r«cl

idi:

id:

Tiioney, iojuty, & scU

Ti\isifess

inaxUr

nxo*lc>- <>/- 0»e land.

id.: ~ ••

i.ffinsfo Die "ieP'pie, <x

yi^lxleous

o

«A

1
1f(fi

{{{

111

n\aj(t bUned

id.

id

io->cl of- Uie yo-rt

tot.

t>r

Til

jKt.

iy^

t^

fi^

v^!
:^^
"=€^1

tUyc

$eZ}> «> o.i>L>ru*ecL, ckascntii)

tntrLen^bela-ed "J
-

Trt*r beloved, oj.

fee n.f ^/%e\Yi*^

I

Auiim'



60.

SYMBOLS.

\±t



SYMBOLS.
61.

^
t:

ic\-

j-^

TMut finoOier

ittalr iixoUtci

luutf •'

fieml- iwc/^

i • 55"

.$liei>

J-lT

ilT-

T

ihenl- «uS(er

islieni in"'- '*"^'*

jfteiit « > a-^f ^^ netce

ajU-UijJ man J ( (vo^^



52.

GRAMMAR.

J) rttclejs T ronouiv

Pa lh*j niai'ti'''^''*

«nVuf

(

^\rr.^,M\ eiilule

DeinbJ.slVaTive(>ronouiM. aaa/v^
^^^^^

A,*

^,l^l,ue.vnu] fl.or.Ctici^

9

nou>l , liic oUiers foUovr vL

cate. ^ . I 1 «
f"-

J,

I,

isLetvt* a.« vir-oreta f

noVLiis iTieu fva.v« Uie

*''^
t5 verba IRei^ fcecoiT»«

i»tv<<r>«a.l iot-or»ovLl»5

C>a->U<

eiil"-^'

I I I

r.

Qiou. « Ttvasc:

thou, i"'"-'- : _ >L_-.
^ I

U.S

:

ske *ptcfiu.-a- Tu-o-

Chey



53.

GRAMMAR.



54.

GRAMMAR.

Pronoun



55.

GRAMMAR.

PvcmovLix* P ro'»\ou.i'»

V .
iut-t"

)vai%'

rh,i/,CKine,Jcn» : Sin^'

0.5, thiitf ,
j"ent: fAu:

uottr, m.ase: 5i>>^-

natn

moXa*-

V ( I «

ucfu-r, -|TU18£: bin:

VUrr:!
lai-l-n.

4.3^11 p-J-

fits , sing;:

fiia, pi"--

fier, «i>«^:

V

« If

-naS

Tia.i«
I

|>Il

I I > IXAtSltl ,. ,. ..

. , I I

•^H j -nasn CKeif com. ^tn.: jdu.:

ViP-j "«*»
j

ym,,|itaW7V|..

«SPVi—

I

![ -V«4|k la- o^
1

i^y- T<i"»c:



56.

GRAMMAR.



57.

GRAMMAR.

I* 1X»Tr\01XlVO »fl dveths

lea «/-

fia

ua 7tel»

11 "

.^k: J 1,1

T|t«y rt«i»»»etv«a
j:
- - ^

»vU7i pronoun aff-ixtd. Hat
! ^«,

A^^'^.'vv tieii I -no.iiol', iicgcittaiv

oj- a. ixe^atitni.

oJ- Wt-« ahoye

Hie one

W^
I (2)

<Vf

3r^^^'

r^
tteb

\1
©

n.«n.l" lieft; vrhet^ the V«i"i» ta

nen (tM ncvci-

lien sefv 7x0 lime

ra Ik-li ' ^^^H*" *ov.^j:cw

vir)to

_i

Vrfio VM-Hca^ when olcme jl

ii> an aJfCrfUtxUve
| J

-^

ea.cJ\j Aow

a. bersotx

l>«nuil

beitnu

no, tume

^"^^ meii I a. cerUa.i.t'. -nta.?i/

wien. I
oL«ertai.» vro^"^"

IV Jia not ("loo/f oti T«r»,>

lie*. ci/AirwaHv*

AA/VSA
I £,t

/vvw\
citXi



58.

GRAMMAR.

/tdverUs yjAverbrt

Jf*'

» _-_ I /l«rl-

ra daru

13

rally o.^ **eoTvei Rand.

«v:4

aXxxnt, «VitKTnimer<ila,o«*«,

ae^ in«(*/t»»itf -nuTnbar of-

o^oimJ a. «ce«>u/ &inc •

SftOA

V.=T

TS*

ytheyt (afCir vrij^onlif

^Ttl* ' Tinril .{rvrm

antd inovina, am

em fvni, hesiUt* inouMiClonl*

C ^r? !
ent l*"? /<" **"='

<»->

em Ti^v yorUVn olely

err. -roJ xiirf«c«Jt ,
v^^il^

em fi.rU- •.

at ediir , Tica.1-»"X

c«.di^d~btf^ OS

^ ll erfaeUui at CK-. e«.el,la«ny

.^.
erja

er ma

er lela

I>e^inct^ afLev

a^ the ^ac« of-

gov ever-



59.

GRAMMAR.

J\divcfZ)a P,e(io«iti<«'<-'

>i:

•u

er maX t UkewUe

ey Ver

\K oat ' fixx^y.

YifiteixX'i*
r

-n\A

•V^'y TivueU

enbire

• V uitlft l^vBf\Msdnma and -.xou.-rn

'i «v
en furrt lo Ctve above, u^

^
xtelix

wJlei'*

(.5. of,fx-<n-r>,hy,o^

i.n,Jrvm,Joy,ai, amUd.

T

i^oi- evev i^T

furtnZ. l>ceou»«, al>ove

A/^Ay^^l ^^, Xtftrtpi am* as m-uch.

ZE

i«« lixTire-

jrtir en^ Oiev^J^r*

«f enXi
gu«.t«enl*n«e* ctTifl follovr/i

£1
^

-maenU a*ij, in a»e sc^T^n,* -m«n
ner

5k /vs.

A •«> "^

nrKe-repa. '"^

,r~<2)-.

,

er to , t&vr<xi^t*.,/oi', to l)e,yix>J".

!
tha.it

fi.er jioailb, <'i^. of-,jTcmi, am

enM t*/*^

fte^rgal o-n, on l^i-

4-

<z>

fill,a

ftei-

i er lie»"

cm UiVI-

undei-, Cu , eoxirjt of a. dau

atxA fcOTi/niv::)

vvcdi^ log/edxtv, toWanrf*

G>. tJv

tenure

i.:
eml^aix

Tuty

),eJore

<:> jj^ <r (Itt



60.

GRAMMAR.

Pi-«|vo«iri.o>u ,<crnjunctio»t» coityu£tio)t«, int'»r^ecCi*,is



61.

GRAMMAR.

• <«Tyec^c»/.tf, r«''i r^ri

i -



62.

JjttUx to geographical names.

Ab i SDesare /^y
Abo 61 Xast 1 20
AaKtr ff Xgffpt 37,/lS,/^5

Jaut. isb Zgy/iiians zs-^6
Aboosimbd 103 JjUphantirut fO/>

Jhshak /Q3 Zlstout: y^
Abb /, //^ XlvmaJs loi
Abu I06 S/ifsiidm /S6

Abyclos- Z, ^6,107 Xshmoun, l3y
Jlejcandna ISS Xsnek- 7,gl,B6

163 Uthiopta sj^,%5Amarfv
Amenii
Jfn
Jijufu
Anyem

I, /4J GadiUs
yS Gaha
Z5 Orofes

Ha benbeit

Hants
HCLTUU

S^
AnkrodUopolt's $1

Arab 97
JirabicL f3, t9 hat
ArtemicUfS 6Z hebai
Aranut
Arunt
AshuasA.
jfssouan,
Assu^rtjL

^S$tfrians
Ataxori
Atartachis

/Z3

t^
163
IIU

10

97
IIS
/n

lOS Heliopol/s, pg, ysm HenruL foz [if^

S9 HermonthJs 43
139 Herpwpol: $1,(37

lOS Hi//s

IDS HitHtes
90 Hebeb nu
6S Harurv

AdhorJ uraiprslbl Ionia.

Atkritis
Atrtv-nu-

^abast

^abt/loTV

^aAhaii
:£>ast

3egbe

^ounderies
J^ubasiis

CancuzTi
Chide

62 Irturut

Ibl /sidis

159 Itak
109 Jordan
96 Judah^
9b Kabaskct
111 Kadesk
109 Kanana
131 iCaruc
/lO fCebtu
I6S Kenus
10^ Kesh.

/67 Jjuke
lix ILand o/Kfi

16^

IS/
160
in
III

116

IfZ

117
Hi
117

</0

IZ3
167

12/

121
/ir

ISP
37

Copl-os /ll H J,a/bpo//sI,2,6p5b

Ci/nopoO's 53 JjCbanoTv /OO

'J)endereh. ^S 79 Jji/CffpotiJ 50,/St
// ,. n " 12% lioXtfdxa. . 9^

Ai£Uau /20 Shairutan. fy
JlU/mph4t 5'1/,6S Shar/nan f7
JlUmxUs g STiasu /Sf
jUiro'e 3p Sbos /SS
MfTfe 39 SilsHis IS^

M£Acpoitim/dl2/i SmtTiu. f*
J/lc-inein/ihis 5$ Speos SZ
JPBcherwna /ll/ Sutv /39
Jfe^roland 93 Syene 66
Jfehsi' S3 Tdhennu /^^
J^enii 126 Tahpenes yO
Jfineveh. /26 Tahruna f/ib

Aite I5S Taibi //fit

jYubia S3,Hi Tdliema 1/3
Ombof 6,49 Talmis jjfZ

Oppiduan. IIZ TamaJuc /Jf9

drontes 10// Tamirv IJ/S

OshmunaJn S/ Tanis yS
TairaJc 131 TaiLtour, ieeTbut

'Pcdestinf /3/f Taraua /J
Ttrsta /3Z Taru 143
Teseric /33 Tat ISO
Thd'ix 6o,Si,l3l Tattu S

Thil/'slia /3/f Taut 77J9,/2S,I30

Thoe/u'aa jzy Tanch 14$

Tsetch/s /33 Tentifra, seelcud
TurttSaJra isJ/ T/rmas I//2.

Ka^otis I3S Tesher IV/
Kebu S9 TTiehes f, 3%
Henres 3i Jh/s ISO
Home Iill Thoum. SJ
KurruneTL I OO Tm^ 166
T^utiEutennu y// Tocari ^0
Sa. /4a Token //iH
Sais 3 ,S5,io TuTusus S^
Samruk 41 Tut /sS
San 76 Tyre. 143
Sas J,SS*i/t /SZ
Se6ektiL I9,y% Uramw /S7
Sernit /4/ Uppertgypt I

Sen /3b Westcounlry,/ZO
Senem 66 ^aw 37
Scrt fS X^^"- f^-^

SerMker fO J^as fj
Sesesrnnu 137 Yemi IS^
Seta mjita IS/

Shaak /O/ Jipum Sj.



63.

GEOGRAPHIC.

Sf
licit

&o-r<i- Of Ane »il*- .

TJ

cAbl-

©

ho Saua

y@

\Ja»M Slhiofrt

cAuh

!!l n ^denu

S
I

c^ant

.»i.

© ____
bKI-

^? resk.

>) by do#

OTivto

<§sii£n.

Jfifibcs

.&*y/i-

. <Si;'3//'^

il
<uI2li

' tTT

^^1=

Wi ftbek-^

\l/\ir\^"^

r

<^^ •»«•*

^* luleH rei

J K-i

<Xne/

«

/6

S-S.

S-ond of the

CrocoHile ( Sodj

i. &.

OA 6.

Vift3 XI. 6.

\X.\aj»er CoiA-riViy ilS

g> tg@

S,oyr«r CoTxivU^J ^(;

ti^,«i- Ajy/'i-

7

W-t ^"^

O *««/»•

T

fG
I

""'''

•s^y/''

&^t)j3t

II'

^i^ I (]ainct
31



64.

GEOGRAPHIC.



65.

GEOGRAPHIC.

Jiaen res (ffkebt*

D/«s

fj®
iJfbi-

t^J J\\>1

IJ:

li

c/»bl-

e/lb^

<i,.
6^y>.i- y''^

^ ©

i8

iikthti dxt c'Ujro/CTruth)

^r«ro*

Sdebes

HÎ

t I
»-^ '

/("nw ei It aW- cKtx.rcko\U oj-

V effxekcS

'iL

fJ

u

^i>r

«/ll><hef<

(S

£J^a

^j © 1 ^K'

'©
I

./IJI.I-

^^i ^pf

O III
I

»^*"

11

Jfiehana

^(icbes Sanctuaries

4k

-J>*

*4

ofaro^olis fi^'j/ -<'^

Up/»er <&iiyj>l-
^'^

rtakxbshe cUj/ -V"

SamneW cjy «V

^CvmoiiUiiB CUiJ -^^

Cofvloa cUi) ^-4

Jlmidera. e'lX^ -M~

Jlbydos cily -^'^

Mijdca cug -y

Jl._y<

Onvbos ctl^
-*J?

jll^Co/t,oll8

JJ3(ir<»-£iUi>^vbolia s/

Jlrtem'rcieoe ^^



66.

GEOGRAPHIC.



GEOGRAPHIC.
67.

J© Sai

cTonin t

:zr,®

VJiif-^ ^'^'^^

Ja^x\» 7^ ^ 111

III "

J ZL

froc</^ilb>>oli» 7^

«9

rJfiLltira 37cnderah. ',

X Sctfciu

9©

SoLii cilx/ So

%©



68.

GEOGRAPHIC.

m
V

1

d,kuaa;i. al>a.itoy-M^^^i^
87

Xailinep jCtfdiarx

5«Tt

trhav

1 . '

Jtttficxtri or tJocea.fi '^

S'' ii

Ser

Seruf

cJc/t-ceivi., 5cu tluuni» J J MJolrrv

2

\?P: JValiai

*V Saracen.

^
i

!k?f%;^''"'

^^

Jav<

Xesti

^ jl';
5t°*

$(vavin

AtixcUu

>. 1

^ Huteuruu dyd^
ajf. I^C

^U»<«T

^i^ria 9X

J^bi^Zim

Oto1»

SKarmjau \t\a. cotiaii<rce( '

on* ttfovLY t'aucts u<h.ttJt

are iisuadi/ n«un«<i

^ui«'e ^f

I,^ Haniea'-^tn.
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GEOGRAPHIC.

hMlk
fitoaK

n
1*

a nation coiiaixcieW ^y J
-^ JJbr

T>y the 6ji<^ri<i«» lOl 1 -i W
i

IJ^® I

JMwKoX >»6oo»»tTtb«l I03 gj-"yj5 ,<«bli.

^
1^^ >»'"»^

ini^c? /»«»u.i»

TJ>^ i-^*"'

6le^i?ianrirta lo6

iTii jjbii

;yi
|**1 ^u«T»a

Jim
BuhaaX

uiieit

? 1 1 1 [BaHbiiil-

JoHem i-

Rvver Ovo^Uea |0.«*jj J •>»• ^^ I /<(4U»I»

^«4i^rtaiu lO^

c/)l)^<£o* lo;

.Crania, 62umat« /o6

Rubcuiti* log

olorrri m ^rabict ^/q

/vs^'^

&a*f , JhAt$ ||0

Itcat: eounlVtf iat>

rhioe /»

Co|9lC>* /aa

Hatlesri. Gadijti* |23

A^ypt liS

«.
Jjcnii

]<

<«.cmi'eL

~'
Y?^ Q JRlhru cToixlbtiv.5 e-nU*»«

/5p

112

113

Til I

Jlinlouv, :Oe»U<i^y^^

JJoWnU 5;X}>^i3
"^ 'W

ffl
«=> TairoK.

u4kJ ^ Cd 1

©

1

J<u.l- ^a/o^.tfl/^ii""/*"!**

\\-^' jLah

Z^^^ <5 Ken u.s

4

Hi-

Ju.rCut.Ci SorAuix River „(,

^udAh "7

c/Mibio- /I6

©
Bf^'**©

<?

)*

Ter*

IVaetK

,m ©

Jk'tnevah. |26

/<wio/T»/u«nitia '«/

£iIctHl)<XB /i^

Pfiila /*(

:Peraiix 13J

7«e1«U lis

VWWiaVrva.

•ph Ilia fine
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GEOGRAPHIC.

/ f? Seiv \6gn€ .^a.tdJ>oLit I3h '

('Jf
T JljV *\^T

11 • ^O^'*"**^" '^"'^'"''""•'''"'"''"'(Vr 'iVf ^^^ I

^o-rw

I
5e,

dJeritia*

\
i •> TG Jaihd
1 ...^O

S^uOi Ct^ A<H'

AtuenZi.

«jia-

Ji
Jaltttis »-*3 '.!'

«Jyr«

(JoJux

!*sy.>^

A«.i :

^1

l-l#y

c^ ,v>wA/^

;

1:
(XI

6

I

^ ^>AAA^

j ^J^ , JaAnu Jofi.n 1^*^
]

Ml ^<11t«K

Jal- JhU

(|4>ti«hu

»50

A »etil

/<0 I

y;ilix [Jllttxijtt /5i
IT: <^^

Xj^eopott*

Su-riO-

1^2
.

«ket>h«rcU /a J

6lj»»»''^'>- 'tf6

J>'U« /liver /XS

<&<»Ke '•^f

d««/j vrcUer* /0<'

A/«ll.ii«»^w«le«v.
/6/

VValci« of-JtOvar l63

'\)uxn\ctayies l6S

far.ciai» Xy
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THE NOMES OE EGYPT.

JYoryuh
':>l-ceK.

-ncmic

/I

>

1

JoicJ-

I

Hal-
I

JJi-siTioiles

JJtKvil'iU*

3uljcistilc4

JBu&ivilcs

I

Ca^osiUfr

^a I Coptilef.

Slut JKiubj Li| Jio^oUli/!

Ja.111. IJC7u>fc>oii.le»

cvv£e5-cUy
I

rcjioTi

^v^h -BexMaa-nxCb I K».6.

CI •^_- •
"T' ("TO© J

i<?.6.

J)etX\)

eXolhor

© c3el>t,6<yoo
i

'Uif.&.l Ji

Jhr\j}eh

H.ij.'\Ci.m

n
&.&.

On...?.© iHalZLktri. ah \
&.&

I :PerSct»r ai.6. LBoskt

SebeK

w^

fc5

..6

jut tJ/ie«>«» ,
WrA-

cTutM OT-

K lie 111

i

Jmubia

Ve belt.

\

Jib )
!

{<".&

rlSoTl T«'*'»-
JlacoriJ ^

S)nven



72.



NOMES
73.

c7fame&

KT

^X^4

Uci

ShinZAbt

•AnuoeK

ye ties

Sa lLal~

PrirteiteoCeif

Chief- Cily

^i

Sculis

e%.init8S

^^WlfffR Set HcL ^oilSs

^cai:jp:0n

X.&

ot<S.

3«vTy

ODcOi.

i

(Z) jt-©ii?ej^eT.t
[

Ji.&. \cHcmc»

IT" V ! 'I
T>iayAav« ieeriftrrmed. ur'Mi

a. fforticm of- the ^<m\e of
|

A^ I % © IJa Mcle'r I Id 6. JkM^o-,-

/vwvv^'l © cT«ni j 1ID.& A.fi^.
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Index to bkt names ofGods 3fc.

Ahi Zl.siMrora/ p\Hfr Hi Muntra /O^TnehtaS/^tX Tafen. 3^

Jhiur /SlJIjpettir /SJi Hrrlll fb Ul,Sg'7^gr'idmec /) Takur 108

"'
' " "•

Ii6\ Herief /^ \f/.nA Ttkah TJ,iS,lv Tcl/is 3iMt H
Jmen-ra 3

3a

Jhinffi^r IdChnou-rnis S

Jbzta, tJ!/&J)afihnx 39

Sett lifi^ {10,66

// Mehema U Sail S3 lii '"^ /3Z
Jitnu

/ri-nhfr 6l NefertLtum,

bet n ^Ao-t^ --

—

Jhiuiis /SHrmoTh Iff jsh fl J^teittv 6,li^Saturn '^^ Uatl I3l>

Jnucis p aoat 49 Kebuu /SOJffiHiys. I6 Seb,{,m,i5f Umtu. 1^1

yhrtu- ^^ Good^en^lb Kent 10 JVfjt BjIfyJiS- ^ ..pjtt UrcL ff

Jpitun mHoA l39\Ket mJfekraUfli9\ \ Hl\Urkek }31t

jtpp Uf Hoi z-LKhem 6 Jfeth b,lz^Sefej^ IfjUser f3

Jppopis'^^Hafii bS,l37Kneplv T jTetpe 6,l2^\Sikcr Z^ Usepma S7

Apt bOHapL-nm. n Mcu,Jii;njl,^^MluS 23,13fSgvuiUf 3I4 " " gj

Jlpbera l^harhu/r 11/ Mando Z^JTidU Izj^Seneh 133lilt \th 10

Jpvu 15 HarseKsi Hi MaU %% Jfuk pSrrennu.ll$^Je^l^t^^

Aset II Haihor 20 Mau J/3,64 •^U7rv6^.8^,Ji Serk 3i> » 132

Ash£riJb^'s,HeavenlifVi^Meliejvioi^JYy.fie SojS^SU T:^,mje>per b3JJi

Jii'L II Cfoddtss) Menhi ^i^J^Tut 6 Skeput IfSi "shai tftf

Atat SiHefi b Menk liAj'utl loASku lz^J(nuph S
Jtfpl f7 Hehes iiZ Mendo 14 Ostr/'s /// Snuf 2^Jans 7

Ji.tett Z hsk n (Ylintit zj, Ouro IfjSolCaris ziJpnstL 7

^1 HekcOu. II Mer 37 Taka p\Sot /l^\lL S%P
SZ Hsku, II Meru I33\ Tctshti2,it\ ^ti ^-^ ft l\i

25] Heset II / il, TU fd Tasefi/f /3I

AmenU /fIBanr I0l\ Horus llt^°^ \lOO^l(f4J^a. /, siTatann Jf

JlTnmon^:^^\^ -Rennu I3\ HtuA lb Nak Mf\ J{amut lib Tahmn f^9

JmothelpMrBes n^H'siri IS NebmakuM'Ranpu l4>S Teti /^

Jhnseb 31 3td>astiz,l24^ Imhotp 30 Hebsj^ai lil^enpl f3S>T/iot/i /^

Jnepu^ lS\3uto SiJok H Nebthetp m Saf liilhoiter/s/OS

Jnka 7l\chem, /O, /pi s^Nef S\$apti Mt^Ji' lij



75.

GODS, ETC.

_0'

o*oo

»

o

1?a tKcStinGotijHelloa ira

Ho wUhllTioeus,

1«a

Tla.

fxuV-

Ha

^

1«a

Ha ail)

Ua

Raaivx

Ha am Uie R.oi'i-ion-j

a'ovo^niTi^; Siin

^

\

Ra Otx^ivalor, £Ue

Ha (^OTi-u.a) Ha.

Ka

Ka

JHU

Ra Tiudi

rG

Jhe Sol<xv d.'I«k

fUddenOod- J dxe u.)i-

ltiu>v»Ti God "S

^
!

O « !

^rof-an«e" "mcri.

iMKifc I

^-mCTi i!a. JJn.en wivois Ka.

lien Rfl
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GODS. ETC.

fi

J

J

Tj

3«» Ok TnaTvy acirtJu..

Jhnen

Anen

0K«S

-^'U^r?
i^?"^.

*" ^

Uiben fta ,£v«;W-o/- CK* Sun.

I

»u6eTi

JEI

JTel-

S\'0.'

JTeV

1 jr^r
I

' ,rttr

i

L •

— I

JireiXlv

oj- 3«a»

jTciUi

G JO.*. <^ jutix
oJ-

^ci*.\/£^



GODS. ETC.

77.

• ro 1

-r
jm-

fi

JTivth
5oct of entxoytia. |»v-

»r»i-« -nctiticci Scbat^-

:3
"^

fli^lVintly vri^K Am-
I
iTKT« cilia.JWauV-. =S^»«S

X

O % i#el.;.auT

tn_j
I

Seb

%e]>aK "Ka

isdxxfc

u ^

r

I
Creator , Ov fihallU
|;god. fiaHii* ItJ-t

.Xhetit

Salu.rn,fath»roftii0,^ •

r,afn€ Sahhattx |

Xam

Jtnten /<«•

SaUtrn.

^%C3t

X«"'

tH» dusha-ncl «j- ft-'

mo t)t«r . J7i« ^rn»-

l\f ^a C^U.tturciliaun<i

Jdltm

J»*l.^.

SAlx^rti^

Vein
j
rt/ieiti iordefJc-ni*

^ TiCiixrt

I
ftecver,*



78.

GODS. ETC.

Jjfnoiv rtoj^cm Ka JIT til" »^ I

I

^eh J<hcm

J:not\.\itt OiMeiv-KI.eiw

Set-

aatX'

cS»i»

u
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GODS. ETC.

i

ii

±1
<a>_

J}

_3"

xi

if

"IT

a7

Pa.s«il-

M'avc- Oavria 1^

CLsiy

»A»tr-ii«fer Ostiia g,ad

Msir Ha

j

I

Ha'trt,

J4 airt

cHsiri

j

eH'»ivi

! Beiiitu

I
elemtlo

>?ri"</«»"

tr

User «al» thrVifrorioiis arnv

Jfeb JI<J<

t(>« c^ood. t<incl. of
GodA /}

Soehari*

iord of- «•' a,reaV

Ulser-M

Ji^^^

of ru-toTtea

O^ivus

Jhere trere Utrce Woiuj,

Jici-f \^amA.3;i<yn.oy^si»,
\HoTUS,U-ie tiewSi*.!^
\jtoruSj iacarob)Crta\.or.



80.

GODS ETC.

^o:

IS

Y«iT»^«l»«>-a (Monti} lihcnt--

iHorut th* Crta-Xov

Jla «r-^«/»*'" MaenM

Hu^tp^T *"" Cr«l»tu''

Jiorna

" tHarttn OYU JiarrKf of Ui'O htrri-

'xons: 7i{*in^'^ SetlirLg

Sun*

a Ji cir, Jhntit RaJloiu*

Q •

HCL

R a. la.-'

tttt Sun Jtorua

otijtinftMJshiTig ^toi

.

J<oms,eltiMV »crTv of-

(iveu.t' MoTu.*

><ar ««J'»t .//ai-u» jone/Iat»

^HaTOCTU*

char

^- iHonu Aon o^ ]»i»

Wir atj-tntitr, Th*
pu-n.illh*r, ayenfi^

th* ^oocl3>«Jtiicl*f

Vh* eltftnUtr(J1oni*l

c4nttbL»

cAioiira \Jh\.xt.his ^mcle o^
TO a els

Jhix^l* fi.etkf'



GODS. ETC.
81.

s5j^.~ Jiiixib Jinuhl*

J

fcXTy* o4|>ierii <^uide oy-I>>««u7i*

JbtubU Aord o^TKtU*

JhTuljt.'6-/iirsrsii»« o/

(JiineiiejJhal iiama

OTt a- pole)

ixub

OrbU'

./hull}is

JleliHiy*

Pvoviii.m*

/
3ke. Goad. Geniuf

I
of £/« -Deard*

J

II

i V
17 J

JVcbl fta

orrtiiilTi ofl»t»,0ai

fi U-xiiil?/ of-
2»ia, Ho

1US a-TieivTi'i^lKyS

«crib«*, Aoixi oJ-Osli-

moo »> oii tt

.

Set.:

Sell

aeTv

11

yyitli acorv» (\e«ct «'"?

r<(jrej««.Zi To ah"
mother of Ha.



82.

GODS. ETC.

1

mM
1

JkMhcT

Jtaheru

ui-r

Jtfd
I

J4cu

IS

?-=-

»4 thor . H oOior

JfOi^

JTimeeJ-aiitxi nhonrai
CttiXadi Itie ton of^ Mho--

Jteb tuVa
or

T, — ©

tanXoj-Slt*\aia-n.<>.Ame.n.r
(|| Lfl

-a^ 'J

JitKVxiX

3a.i

ra

MuryJ" J\iande ,Mu,nt

ManVRd^ ManiLouXit

MandoSoTxlof

3KeJ»«*

(Joci<te55 of- Ouuear
^

L ^ecUietiJ

1%

rralc-n*

JlfTei.l-

3V[enl-

1

I

pVxh

Tl'aM.

1tb

5uWt« «-r

JVCciruio , JItuiil'

JS-oiyida Sti-n. Co<t 3
pl'aft lu

JBfcO.

POuah ,C-odiof- TKenx-
jvlvis; Vulca.li. ^r

Pduxh

POuaJt |»i^-rriy,Vul<^a.Ji

Ka'no, o^ oU JtCeni^vhu

Suieii et Jyteriofre PtKoA /Cmg

foTtix oj- Pthah the

pCKcih H«/t7iai<lc5



GODS. ETC.

83

:?1T

^^

JLali

SeKerc

UiUiii PWia7i tt«Cht«/-

SelitrJ4

Zv

J

SocKa-i^* cittrie of- T^^
OtiiTJ, fratn Oi< ftiU '

"*"_

of io^a-Tn Trfiert he
Vhx* rrorth.if>exi.

SoeJiarv* £SSeKei

]>taTi Sefkcr Jfio-l- Pthtt)»-

', rtix So^KcLrca Ojtri#

>>tah l\a.\\ Jisiii TUiah thaJCa.-

SocJicLi-ts

^/lij til* biiU Ch'criof

Ait«oil2> diiaCing,uviht: [l

Jte/ti Jiairi Osirxa-ofiot

^]molh«r<(» JO

.^mothcle/t

dctii^WJv ofBet

/^^nenti, one 0/ rt«»

•eoiir God.' 0/ the 3cc«<i

^emo** *•!* nt,TxTTi -

yrty cix»« • fwmcM*

jacHaX* fiead >«

SacoTuiTn.in.oT <5od

oj. theMead. 6d

fjhxvd rtiinor (ioel of-

Qxthody- WUK a

Ui»«an'« ni* cuUe»-

oj- di« body.

Jot«.-rl>» TnvTio»-^od

JsiS,h.rabciI>^, aii.o><£

ot- fiei-choToel^rs
««vK,«ell<, SalcHis-

J6
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GODS. ETC.

y*0

Mtr-

Jcvlj <

cT^/<i»-

.Ainu lit"

yoddttitf ait CiXii, i.«. _
Jft£hc3 3S 14^

9o<tcLe»* of ** Cdj JIanf' > f^_

Mixu JruOi,«unoJ-J«e«tli a4

--i

^-
ciUj Hell; <TfM(H'c(d'*

o^powiil' «:^V»T*e. ——-

—

I

ll

ll-

V *•

J l^neiil-

I Ai>«»''

kMtMb

# •

-7-©

(^oddeAs .4m<iUd

laiul of .^rHtntt

JYTci-u

JVTa

JMaa

lo/t

fiecitt __^^

lofi

Jo/i

Msuter Tok

Sot

iTei./Ki»fctit

*/":

^%

loll, (/ieariicnuig,C;vd)

^^of .^nentv aname ^i»-etv lb

I

3^'
III- />i(iie lift C»velUn^ <rf J> « «

'«

I T«ii

eHeKtt a Itohard ftccicl <iod-

JlTe-i )?a Ta neb Bovrtof/la.^Knl

ij£ earHi .
iCerb<rni ) Iht

6h«|JMr aSupharXjChraad.>xyxiO€l-
d.ii» of evU J HcTTTta./ihroJ'l!

Cfoddtjsis anil ttiixaji ^
•V-f

U)ri' ftelitix immoTlixX gpcLt ascft-

fx^ed Co deihUd marVaXt

iOi>t
.A'oK

JfU3J3hii ^^
Cixt CrftcU'SyraUoynr
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GODS. ETC.

f

1 JiUi

H

jiki.

.Ath«JT

cJVGc

^O" oj-ci. j}Ou,r y'-

3
^

^alAov, JltKov

<j<icicle»» o^eJi-nOv SO

Jlum

Jfv-m

6i

alie-fitcxcL ^odL 67

doi-dof-ScUlii,Xuin.
'' of

Jfixm'Rc JTxiMi- Su)X-Qi>cl 1^1

m
^

i U!J«erJ>Ci Viclov<.ou3<5i-«th ^7

HI

\4

A"

J>'neb Ic^

Jri erxJi

JTUm Re

^
X*^'"

j3u:o

>riti« ft«C4cl. «/fi.u)na-»V ^ '

the io^^ oj Cke ea-rth.

-^

Jala-nn

i

JTTur

v^

Sit, thr Hiiloj de^il at-

Crealof 7-*

Ye-riu.ajM a.t'h.trr rS'

JiniLcis rr

Chief- GocULess



86.

GODS. ETC.

I
I

jtih*.

SCi,

M
:«

U»e»-JWa y'l'^ovioujc/ixit/i

^ .nCati cT^e liuo eJiitlJii Sfc

J4e|j

Tt5

J>a«qi> Jlolhtf >> VWnuj

iSalo; Juno S3 '!• I ® '"

86

er

Xul*-

a^ooU Strljeni', fen:

Jfieiiameo|-Uie ^e.rp«nt
fOTmina, Uicca.noW\l aver

fetes"/- ''" lo;

na»», bor«e Vj nine
TVi«n who fi-av<. conou*-!

.flj»-^ &0
I

JiilE(-ef« wcief- ^tt'O"* 9*

^ f j JlCiinV Si) .dii/bJum vrvl/j ^uuwK

III ' ofth,Bo<i^ go

i

' JL^

Schek OueTvis '"
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GODS. ETC.

JTel-

• * l^coinTA

(Jiecwenly (^ocicLtas

JfeiOi aoauett oj-X.6_

Sereiii^i. ^od^cs*- o/- M3. &: (
I*"

oj- the CfOtis. HO

Sire hrecM\\.\\^ scif*"'

Vu , alAO of- deaf* fgo

CoO-dLessoJ- HnohrJeii^t

Snceial Qocldessojli-

JUiTi.

Kf^

Poislvl-

JBcislvl'

cJroa hecut *aWi er "/ «">

<alh<« o<^ Weoetsr a.

•iorm o^ FUiah

^omts oj- the name of-

:Pa6t»-^o^-JBaa^l-

<Scilc)n,c».
/a-v

S<tn.» im

T.

&ciTi

SaXi a.a

Ki. titU »ri J/tofhe'' "J-
'^'' ^"^

•" ~ -ui-et

JTet-tliJ\'«t

grecil"

jrei-

n«

/-Si

jTebr u)- mill- neler ikjU, jreii*.

jTubl-

orhei-oj-fio'** '»^'-

JTcitK

^areiuaxu. c>/a.rmcie7its

jrubri 7



88.

GODS. ETC

tfu earth

M
Jlj3<i)>

Jij3^t>

A •

Jlj3ojt>hxy \ia

JUoojahis ^3ta.rtcl Vy

' ' SK-u «e ia ^hti Son of Ita 190
% •

I Im I..
"^ "/

"Ranni

iWtixnie*

y\ f X Jl ejtr ^ .Inn Dfit^oocijunv
*"

regiona

^tejci- cJcL the clooeL
!>'iBliy

, :rej3thi,a ,3, li

da-cty of- &Htthya.

s

® %

lUailx

'cMaf3-AaJ3

"iixiUro^ Cht iii'O region}
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Having lived for half my life on the shores of Lake Erie, and beginning

my geological studies there at an eai'ly age, the mode of formation of this

water basin naturally became a subject of observation and thought with

me. Subsequently, I for ten j^ears owned a country place on one of the

islands near the west end of the lake, and during the summer residence of

my family there I had a more satisfactory opportunity for the study of the

structure of these islands than can be enjoyed by any one now, since some

of the most striking cliflfs and rock surfaces have been quarried awaj' or

covered with buildings.

The interest which I acquired in the subject also led me to visit and ex-

amine with some care the whole chain of lakes, and to follow this line of

drainage from Duluth, Lake Superior, to its present outlet at the mouth of

the St. Lawrence, and its ancient one at New York.

The results of the observations thus made were communicated to the

public in "Notes on the Surface Geology of the Basin of the Great Lak^s"

(Boston Natural Historical Society, 1863) ;
" Geological Surcey of Ohio,

Report of Progress for 1869 ;" " The Surface Geology of the Basin of the

Great Lakes ajid the Valley of the Mississippi" (Lyceum of Natural His-

torical Society, New York, 1869) ; "The Surface Geology of Ohio" (Re-

port of Geological Survey of Ohio, Vol. ii, 1874) ; "The Geological His-

tory of New York Island and Harbor" (Popular Science Monthly, 1878).

Li the progress of these investigations, I discovered what had not before

attracted attention, that (1), at one time the eastern and middle portions

of the continent stood considerably higher above the ocean than at the

present time
; (2), that a^ extensive system of drainage lines which once

traversed the continent had been subsequentl}^ more or less tilled uj) and

obliterated, generally by the drift of the Ice period
; (3), that our modern

rivers had often deserted their ancient valleys altogether, and flowed some-

P^OC. AMER. rHIIiOS. SOC. XX. 111. L. PRINTED MARCH 3, 1882.
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times hundreds of feet above their former beds ; and (4), that glaciers had

once occupied the basins of our great lakes, moving in the lines of their

major axes,*

These facts formed the basis of the history of the formation of our lake

basins which I then reported.

This history may be briefly epitomized as follows :

—

1st. In the Tertiary age a great river traversed and drained the basin

of the lakes, rising in the highlands north of Lake Superior, and terminat-

ing in the Atlantic ocean eighty miles south and east of New York.

2d. In the advent and decline of the Ice period, local glaciers descend-

ing from the Canadian highlands and following the lines of lowest level,

scooped out expansions of the river valleys forming the basins of the

present lakes,

3d. These basins were connected by cations which cut the rock barriers

separating them, and through which flowed their surplus waters.

4th. At the culmination of the Ice period a general ice sheet filled and

overflowed the lake basin, choking up the river valleys with boulder clay,

and obliterating the details of local topography.

5th. After the retreat of the glaciers the great river which drained the

lake basin, finding its old channel obstructed, chose for itself a new route.

Following the line of lowest levels it left its former trough buried under

the Grand Sable, to cross a spur of the Canadian highlands at Sault St.

]\Iarie, again it crossed a point extending northward from the Alleghany

highlands at Niagara, and, finally, its Mohawk channel being obstructed

it chose a new route by the Thousand Islands and Lachine Rapids to the

Gulf of St. Lawrence.

A large number of facts sustaining these conclusions are given in the

papers to which reference has been made, but a repetition of that which

has been so fully stated would be superfluous here.

In tracing the course of the ancient river which drained the lake basin,

I ventured to predict that a buried channel would be found connecting the

basins of Lake Erie and Lake Ontario, "somewhere between Long Point

and the Avestern end of Lake Ontario,"

This channel Prof. J. W. Spencer, of King's College, Windsor, N. S.,

claims to have discovered ; and in a jiaper published in the last issue of the

Proceedings of the American Philosophical Society, he maps and describes

it, locating it where I had predicted its discovery, although he says it is a

•The first suggestion of the existence of these ancient buried channels was
given by the borings for oil in the valley of the Cuyahoga at Cleveland, where I

then resided, and in the valleys of other tributaries to the Lake system or the
Ohio. Every stream bed in that section was at that time probed for petroleum,
and in most cases the rock bottoms of the valleys were only reached after pene-
trating a considerable mass of clay beneath tiie present stream. At Cleveland
the rock b<ittom of the old valley is two hundred feet below the bottom of the
river, and the lake basin into which it Hows, though silled up to wilhin sixty
feet of the surface of the water, was once excavated to a still greater depth than
the river trough.
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channel "of which there was no clue or even suggestion until working

up the origin of the Dundas valley." Prof. Spencer also does much more

than describe this buried channel in the paper referred to, for he there

discusses at length the origin of the lake basins, and reaches conclusions

which are in some respects at variance with those previously published by

myself.

The points of diflference between us are briefly these ; I had claimed the

existence of an ancient river flowing from Lake Superior through the lake

basin and down the Mohawk valley into the trough of the Hudson, and

thence to the ocean by New York. The valley of this stream, locally

expanded into boat-shaped basins by glacial action, according to my view,

formed the basins of the great lakes.

Prof. Spencer denies that glaciers have played any part in the formation

of the lake basins, and more sweepingly that ice has any excavating power.

He also rejects the theory that the outlet of the lake basin was by the

Mohawk vallej% saying, "the Mohawk course will not answer as the

Geological Survey of Pennsylvania has shown, for at Little Falls,

Herkimer Co., the Mohawk flows over metamorphic rocks."

Meeting the last objection first, I venture to say that the Geological

Survey of Pennsylvania has not shown that the outlet of the lake basin

through the Mohawk valley "wont do." The fact that the present

Mohawk river flows over rocks at Little Falls is no new discovery, as it

could hardly escape the observation of any traveler over the New York

Central Railroad, but there is ample room in the adjacent countrj^ where

heavy beds of drift cover the rock, for the continuation of the old, deeply-

cut Mohawk valley. In the country about Little Falls, not only is there

room for such a channel, but the facts necessitate its existence. The rocky

barriers over which the Niagara and St. Mary's flow are equally con-

clusive evidence against a continuous buried channel connecting the great

lakes,—in which we both believe.

In regard to the agency of glaciers in excavating the lake basins I think

no one who will carefully observe the facts, will hesitate to ascribe to

them an important function. It is true that Prof. Whitney denies that ice

has ever excavated a lake basin, and Prof. Spencer echoes and endorses

the statement ; but it is also true thai Prof. Ramsay, Director of the Geo-

logical Survey of England,'claims that all lake basins have been excavated

by ice, and Prof. J. Le Conte whose range of obserA^ation has been extensive,

attributes the origin of Lake Tahoe arid other lakes in the Sierrn to this cause

.

They have also supported their views of the power of ice as an erosive

agent, not simply by the authority of their names, but by an imposing

array of fiicts. In such circumstances those who deny any excavating

power to glaciers can hardly expect their curt dismissal of the ice theory

to be accepted without some sort of evidence beside their personal asser-

tion. It has happened to me to have opportunities of studying the effect

of glaciers ancient and modern in many countries, and I am compelled to

sav that the statenients that ice has no erosive power, and has made no im-
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pression on topoirraphy except l»y tlioaccunuilation of nioraiiiic material, and

also that ice has had no ajjency in the excavating of the lake basins, are

alike disproved by my own observations. Any one who has visited the

present termini of the Alpine glaciers cannot fail to have remarked the

roches moutonnees and the broadly excavated troughs, the work of the

glaciers when they had greater reach. He will also have noticed that

these glacial troughs, under and beyond the present glaciers, are furrowed

by deep and narrow channels, the work of the streams flowing from the

melting ice. Here Ave obtain conclusive evidence that ice has erosive

power, and have, on a small scale, typical examples of the kinds of erosion

wrought by ice and water. The higher portions of the Sierra Nevada, and

the whole summit of the Cascade mountains bear such indisputable evidence

of the erosive action of ice that it is incoiuprehensible that any one should

have seen this record and denj' its validity. On the Cascade mountains there

are thousands of square miles over which the rocks are planed down,

grooved and furrowed, where the rough and ragged summits are reduced

to roches moutonnees and enough material has been removed by ice

to fill all the water-cut channels of the continent. In the Report of the

Geological Survey of Ohio I have described in detail the evidence of the

action of ice in forming the basin of Lake Erie. No one can visit the

group of islands oft Sandusky without being convinced that they are

carved by ice out of the solid rock. Their sides and surfaces are every-

where glaciated, ajid areas of acres in extent planed down to the smooth-

ness of a hou,se floor. The corals and other fossils which fill the limestone

are here cut across as smoothly as it could be done by hand ; and as I have

elsewhere shown, the direction of the furrows and the trails left behind

chert masses in the limestone, prove that the ice moved in the line of the

major axis of Lake Erie, and from the north-east toward the south-west.

Similar facts both in regard to rock striation and the transport of material

have been observed about Lake Ontario, Lake Huron, Lake Michigan and
Lake Superior.

The manner in which ice accomplishes the erosion effected by it, is no
mystery, as any one who has seen a glacier has seen the agent in action.

The soft ice simply becomes a great emerj^ wheel. Rocks, gravel and sand

are frozen into its under surface or are spread beneath it and pressed down
upon its bed with the enormous weight of the moving mass ; the result is

a grinding that nothing can resist." The ground up material is "till" or

boulder clay, sand, gravel and boulders, and this residue, perhaps insig-

nificant in quantity compared with the amount produced, covers literally

hundreds of thousands of square miles on this continent alone. How, in

the face of these facts, can any one say, ice has no erosive power? Prof.

Spencer misunderstands and misrepresents me when he imputes to me any
vacillation of opinion or any uncertainty in regard to the agencies which
have excavated the lake basins. From the first I have recognized the

existence of an ancient river draining the lake basins at a low level, and
was by many years the first to indicate the existence of such a stream, but
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I have never for an instant doubted that the erosive action of lliis river

was supplemented and modified by local glaciers. It is quite beyond the

reach of fluvial erosion,—of which in the caflons of the Colorado, I have

studied the best examples extant,—to form basins like those of our great

lakes ; and while it gives me pleasure to find in Prof. Spencer's discovery

a confirmation of the prediction made years ago, and to give him credit

for the sagacity and industry which marks his investigations, I cannot but

feel that before attempting td write a general history of the Lake basins, it

would have been well to have gone in person over all the ground under
discussion.

Discussio)i

:

> Mr. Lesley remarked that in all controversies over the Glacial hypothesis,

as it used to be called, the Glacial theory as it has now well established

itself to be, a vast numbei* of observed facts are accepted on all hands as

pait of the actual human knowledge. No one now thinks of disputing the

former extension of existing glaciers ; nor the former existence of sheets of

ice over large areas of the earth's surfiice, where nothing like a glacier is

now noticeable even at the close of the severest winters ; nor the meaning
of the scratches and grooves, clays and gravels, moraines and kames, pot

holes, ponds, terraces, sand dams, reversed drainage, and whatever else

are the characteristic marks and vestiges of the agency of the ice which

once covered such areas. All geologists who have studied existing glaciers

in the Alps, for instance, or who have acquainted themselves with their

character and action through good descriptions of them, take precisely the

same view of the circumstances.

What geologists are not yet agreed upon is not whether moving ice once

covered now fertile districts, but the precise limits of these glaciated dis-

tricts ; not that all moving ice moves rocks, but precisely in what manner
the rocks move with, on, in or under the ice ; not that glaciers deposit

heterogenous materials, but pi'ecisely what part water, melted ice, plays in

the drama, and how one can best distinguish its work from that done by

the ice itself, unmelted, in and of itself; not whether there has been an

age of ice, but whether there were not two or more, and whether human
beings began to live in an earlier, in a medial, or in a later age ; and above

all, not whether the surface of glaciated regions was modified b}'^ the long

or short, single or repeated passage of ice over them, but precisely to what

extent this modification went.

In a word, the Glacial Theory, perfectly well defined and accepted by

all in the clear light of long continued, thorough and consistent investiga-

tion, is still surrounded by a penumbra of Glacial Hypotheses, about

which very enthusiastic and dogmatic geologists are disposed to debate

with a great deal of personal warmth, as if their personal reputation for

genuine scientific ability was involved. The fact is, some of the questions

thus presented are so difiicult of any precise definition that we must wait

long for their answers.
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The most difficult of all these questions has naturally excited the most

strenuous discussion :—the excavatory power of ic?.

Every geologist knows that an uncertain amount of erosion must be ex-

plained by ancient ice movements ; for, tlie eroding action of glaciers may
be studied in Alpine valleys as it is now going on. But some think this

erosion to be so insignificant as to be justly compared to the sandpaper

smoothing-oft of a rouglily-planed board ; while others please their imagi-

nations with its incredible force and magnitude, and describe it as plough-

ing out Alpine valleys, and excavating American lakes. Recent works on

the Glacial Age might be quoted to show that conjectures of all grades be-

tween these two extremes are accepted by their geological authors—vague

postulates, or general propositions, taken for granted, without being sub-

jected to any mathematical analysis—as a groundwork for the considera-,

tion and description of old and new local facts.

It is needless to saj"^ that no personal sentiment on the subject can have

a scientific value. For mj' own part, I entertain a lively persuasion in

favor of the sandpaper end of the series of hypotheses ; but I can assign no

higher value to this persuasion, or personal opinion, nor do I think it can

any more efficiently secure scientific results, than an impulse towards the

opposite, or lake excavating prejudice. It is after all merely a prejudice,

but a prejudice in favor of the preponderance of a multitude of facts which

bear upon the subject under discussion ; facts Avhich I think have never

yet been placed in the strongest light ; facts of topography, especially

abundant in regions near to but outside of glaciated regions.

~ There arc two principal lines of investigation, it seems to me, which may
lead us to a hopeful elucidation of the question of how much of our topog-

raphy Tins been effected by ice.

1. We may take up one feature of topography after another, and by a

process of exclusion, narrow down the field of ice-action until what is left

shall remain reasonably certain to be due to ice alone ; and

2. We may study, directlj'' and mathematically, by number, weight,"

bulk and velocity, the work actually done by an existing glacier, and infer

hy strict comparison the possible limits of ice-work over any given glaciated

region.

Thus, to take the last first, let us ask what is the potential of eroding

energv in the case of a glacier?

Pure ice, of course, has no scratching jwwer. The faciliiy with which

it moulds itself upon surfaces, is shown, in an astonisliing manner, by

grooves on the underside of a moving glacier, produced by large stones

lying quite loose upon the bed-rock, and prevented from slipping fonvard

with the ice by some slightly obstructive irregularity of the bed-rock sur-

face. Tlie common notion is that all such stones are necessarily embedded

by the ice and used as scratchers, or eroding tools. But at least some of

them arc not so taken up bj^ the ice, which slips smoothly over them, re-

taining as a groove the shape of their cross section, for many yard.s after

passing their position.
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The number of stones thus inoperative at the base of a glacier is one of

the factors in the equation of erosion.

That ice uses sand, gravel and boulder debris to scratch its rock bed is

not doubted bj' any one. The abrupt termination of striae, deepening and
widening to their abrupt termination, was one of the earliest observed

facts, and was explained on the old diluvial theorj-j and the iceberg theory,

by the arrest and rotation of the block which served as a graving tool,

fixed in the ice, or by the breaking off of the point of the tool.

The chapters of .James Hall's Report of the Geology of the Western Dis-

trict of New York, published in 1844, which describe the Drift and Glacia-

tion of that District suffice to show how carefully these phenomena were

studied fifty j^ears ago. Dr. Newberry and other ultra-erosionists would
do well to note what Hall says (on page 331) in evidence of the compara-

tively slight force ne(*essary for producing the grooves and polished sur-

faces, the overturning of bed plates, and transport of fragments, from

which such exaggerated theoretical consequences are deduced.

In those really admirable chapters may be found the earliest hints of the

now accepted activity of subglacial water, loaded with debris, in doing

much of the work wrongly ascribed to ice.

The actual erosive power of rock-set ice must certainly be susceptible of

an approximately accurate mathematical calculation.

Its differential is : one atone, held by the ice against the bed-rock with a

certain pressure—the stone of a certain hardness (a)—the bed-rock of a

certain hardness (b)—the ice-grasp of the stone, of a certain plasticity (c)

—the maximum pressure exerted by the weight of the ice, up to the point-

crushing degree (d).

It is evidently wrong to make the total weight of the column of ice above

the tool a measure of the engraving. Were the ice piled to the height of

miles, its graving power would be no greater than that of a column of ice

weighing just enough to crush the point of the tool. All the declamation in

books respecting the enormous erosive force of a sheet of ice several thou-

sand feet thick pressing down upon and moving over sandstone, limestone

and shale strata is simply wasted. A thousand miles thickness of pure ice

moving over a bed of cla}', would erode it no more than a thousand miles

of water would. If it held stones, they would be simply embedded in the

clay and left behind. If they moved over any kind of solid rock, they

would simply be reduced to fine sand or mud, and act as a lubricating

medium, protecting the bed-plate surface from erosion.

Every glacier must slip to a greater or less extent upon a lubricated sur-

face, consisting principally of muddy water, or watery mud. The thicker

the glacier the more of this lubricant it will have beneath it. The
law of increase of temperature descending from the sijrface must

act in ice as in rock. Where the bare rock surface of the earth has

, a mean temperature of 32°, the temperature at 1000 feet down stands

at, say, 52°. Were a glacier 3000 feet deep to remain for a century

immovable over a region the normal mean air temperature of which is
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32°,—while it wpuld waste slowly at its surface by spontaneous evapo-

ration, and more rapidly at its surface by solar heat—it would waste at

its base also by the upward transmission of earth heat. But this

waste would be represented by so much water, which under' an immova-

ble glacier would form a lake. Under a movable glacier it helps to form a

river, and the river which issues at the terminal surface moraine brings

out the evidences of the lubricant, as "mountain meal."

Every glacier must be made cavernous by its river, and along the

caverns produced by the river and its branches are collected and de-

posited or rolled forward all the stones in the glacier while those updn its

surface (or melted out to its surface, bj^ the upper waste), ride down to its

lower end.

The much larger part of the erosive action of a glacier must therefore be

of the nature of river erosion ; while .a certain percentage of it may be of

the nature of engraving. But if so, then our knowledge of river erosion

must direct us in the investigation of glacial erosion.

River erosion is local and interrupted. Parts of a river bed are filling

up, while reefs and barriers are being cut away. So, under a glacier, the

loci of erosion must be few and of limited extent. Behind these the

rolled glacial debris are covering and protecting the bed rock instead of

eroding it. Our kames show therefore not only that Glaciers are feeble

eroders, but that they are great depositors and protectors of tlie earth sur-

face.

AVe may go one step further, and show hoAv in the age of ice the usual

erosion of our topography was almost stopped and forbidden bj^ the ice.

For, the topograpliy of the earth's surface is evidently due to rain,

softening the surface—to rills, removing the softened surface—to brooks,

sweeping the collections made by rills, down through the brook -vales and

ravines which they have made,—until the process of erosion is reduced

to a minimum where river deposits commence. Rivers never erode, except

at rock barriers—or, in rainless regions, where they saw strait down,

using their whole debris.

Xow, in the ice age, the ice-covering protected the whole country from

rain, rill and brook erosion, and the process of topographical modification

of the earth's surface ceased, and was not resumed until the close of that

age. What erosion took place, must have been exclusively confined to

the lines of subglacial rivers and their branches, along the subglacial

caverns. In a continental ice-flow crevasses were impossible, except along

a few lines of escarpment.

The rain, therefore, in the ice age must have constituted a great riseau

of supcrgliijcial drainage incapable of eroding the subglacial topograiiliy ;

in fact reiiioved from it hundreds and even one or two thousand feet from

it vertically. If the Canadian ice had a surface slope southward, towards

Pennsylvania and Ohio, or south-westward up Lake Erie and acro.sS Illinois,

then mighty rivers, heading in the Laurentian mountains and the Adiron-

dacks, must have flowed for a long time over the upper surface of the ice
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sheet, soutliward and south-westward into the Mississippi valley—without

aifecting the previously constituted topography beneath the ice—of which
previously constituted topography the Lake Basins were an essential part

and grand feature.

Meanwhile, a totally different system of drainage was carrying on its

work of transportation beneath the ice sheet, in an opposite direction,

northward (from Pennsylvania and Ohio) and eastward, through the lake

basins. But this lower or sub-ice river system, depi'ived of direct alimen-

tation from rain, must have been inferior in volume and power to the

upper or surface-ice river system ; although it may have received here and
there through the ice sheet considerable accessions of surface rain water.

I do not wish to discuss here the line of Prof. Spencer's great river, nor

the claim of Prof. Newberry to the discovery, years ago, of its debouche-

ment, via the Mohawk and Hudson valleys, into the ocean at New York,

except to remark that Prof. Newberry does not seem to appreciate Prof.

Spencer's chief difficulty. It is not that 'the rocks appear at Little Falls ;

but that his Ontario I'iver ran in a bed more than 780 feet beneath the

present level of the lake, and therefore more than 900 feet below Little

Falls, and the demonstration of a buried, concealed, old river channel

nearly 1000 feet deep anywhere alongside of the Little Falls exposure

seems a rather hopeless task. But worse than that ; the Mohawk valley

east of Little Falls, is barred by rock ranges 300 or 400 feet high, through

which the Mohawk cuts a canon, where its bed is at least 900 feet above

the old.river bed in the lake.*

I wish to confine my remarks to the feeble erosive power of the Cana-

dian ice-sheet, as a particularly inefficient kind of glacier, and to the prob-

able possibility of a mathematical demonstration of the feeble erosive

power of any glacier, even in the most favorable circumstances.

Taking one stone graving-tooi as the differential of means ;—the en-

graving quality of that stone tool (under the conditions (a), (b), (c), (d)

above stated) as the differential o(porcer ;—and the destruction of bed-rock

by that stone-tool during its life as a tool, as the differential of effect pro-

duced, i. e. of erosion,—then,—to obtain a transcendental maximum, we
must multiply one stone-tool (in area) by the total width and total length

of the ice bottom ; i. e. we must stud the whole bottom of the glacier with

tools ; keep them all at work, each one for the whole length of time of its

descent from the upper to the lower end of the glacier ;—replace those

that are lost or spoiled by fresh ones ;—and cepeat the operation during

the entire life of the glacier.

It is evident that this transcendental maximum if it could be calculated,

would be of little value, in as much as it would almost infinitely exceed

the actual practical erosive power of any given glacier.

But it would be the best starting point for a reasonable discussion of the

erosive power of glaciers ; and it seems to me, that if the calculation were

*See my notes to Dr. Spencer's appendix, at the end of White's Report of

Progress, 2d. Geol, Sur. of Pa.,Q,. 4, 1881, p. 403.

TROC. AMER. FHILOS. SOC. XX. HI. M. I'RINTEU .MARCH o, 1882.
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made, it would have the effect of putting a stop to much of that vague

babble about the "immense " "enormous" "amazing" influence of the

ice age in sculpturing the surface of our planet, which has in some respects

demoralized our science.

Had the age of ice commenced in Laurentian days or even in Permian
times and lasted until now, we should certainly be compelled to ascribe

most of our topography to the action of ice. But as the ice age was late

and comparatively short, wc must consider its effect upon our topography

not only local but slight.

The second line of argument, therefore, is a verj' simple one. We should

enquire first, what arc the main features, the characteristic elements of

our topography ; and secondly, whether those be essentially the same in

the glaciated and in the nonglaciated regions. If we find them to be

identically the same in both regions, then, it follows, as a matter of course,

that they cannot be ascribed to ice.

This line of argument I have taken numerous occasions, in past years,

to follow out, and I have shown that the great lake basins of the north are

in all (but one respect) topographically like the great valleys of the south

and therefore not excavated by ice. The one item of exception is, that

they have been more or less filled with the debris of the ice sheet, and
afterwards with water dammed in behind glacial deposits. So far from

the glacier having excavated them, it has simply buried them.

The argument pursued on this grand scale, repeats itself on a small

scale now that the Terminal Moraine has been traced across the mountains

and valleys of New Jersey and Pennsj^lvania. If the glacier covered the

top of the Kittatinnj- mountain, for example, along its whole course from

the Hudson to the Delaware, and for some miles west of the Delaware,

and did not cover it anywhere along its whole course through Pennsyl-

vania, Maryland and Virginia (and these facts are now demonstrated)

—

and if, notwithstanding, the mountain in its north-eastern prolongation is

precisely the same as in its south-western prolongation—it follows without

argument that it existed in its present form before the ice age, and was
merely a little sandpapered bj' the ice during the ice age.

What is true of the Kittatinny, is true of the (Catskill) Pocono moun-
tain plateau behind it, and of the Orwigsburg or Delaware river (Upper
Silurian and Devonian) valley which separates the two ranges. Across this

broad valley (the analogue of Lake Erie) the Terminal moraine runs west

of Stroudsburg. The topography of the vallc)' east of the moraine

precisely resembles the topograjihy of the valley west of the moraine,

onh' that it is covered with drift material and marked with scratches. Of
course the valley existed before the ice age, and the glacier merely polished

its surfaces and protected parts of it from subsequent erosion; just as the

glacier protected lake Erie from erosion, while it scratched the islands of

which Prof. Newberry speaks, and all the hard outcrops, around it, as

described by James Hall in New York, by Carll, White and others in

Pcnnsylvuiua, and bv Dr. Ncwbcrrv in Oliin.
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And so of each valley and each mountain successively as one follows

the terminal moraine north-westward, across the gorge of the Lehigh,

across Hellkitchen mountain, across Conyngham valley, across the

Nescopee mountain, across the Susquehanna above Berwick, across the

Schickshinny mountain, near its west end, across the Muncy hills, across

the Alleghauj' mountain north-east of Williamsport, across the Loyalsock

ravine, and the Canon of Lycoming creek, the plateau of Potter county,

to its great angle north of Olean and Salamanca in Xew York.

Along this whole line, the topography to the east (under the ice) is

precisely the same as the topography to the west (where ice has never

been) and the only distinction observable is this : that west of the great

moraine there is no drift and no lakes ; east of the moraine the whole
surface is sheeted with drift and spotted with ponds ;—and all the scratches

point south-south-westward, the ice evidently" having moved from the

Adirondacks.

From Salamanca the Terminal moraine has been traced by Mr. Lewis
and Mr. Wright as a nearly straight ridge of trash, south-westward, across

"Western Pennsj^vania to the Ohio line (near Darlington) 13 miles north

of the Ohio river ; the scratches all pointing S. S. E. and S. as if coming
square across Lake Erie and ascending the highlands to the south of it.

Nowhere along this line has it affected the topography ; it has merely de-

posited drift, and choked the ancient vallej's so as to reverse the drain-

age. Mr. Carll has pointed out the noses of hill-spurs which he thinks

were sharpened by the ice ; but even this slight modification of the pre-

existing topography, occurs at places lying outside or to the south of the

terminal moraine, and we must therefore find some other explanation

for it.

It seems unreasonable in the highest degree therefore to speak of the

glacial erosion of Lake Erie and Lake Ontario, when it is evident that the

ice sheet was perfectly incompetent to erode the countries which it in-

vaded, and left them everywhere precisely in the topographical condition

in which it found them ; merely scratching their rock exposures, incumber-

ing and embarassing somewhat their lines of drainage, spreading a slight

sheet of drift material over them, and tearing a few blocks out of the looser

outcrops and depositing these blocks after a short transit ; often on higher

levels, and sometimes on much higher levels ; for Mr. Lewis has found

Helderburg blocks carried completely to the top of the Kittatinny moun-

tain.
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An Obituary Notice of William E. DuBoif. By Robert Patterson.

{Read before the American Philosophical Society, November IS, 1881.)

William Ewing DuBois was born at Doylestown, Pennsylvania, De-

cember 15, 1810. Through his father, Rev. Uriah DuBois, he was de-

scended from Louis DuBois, a French Huguenot of honorable extraction,

who emigrated to America in 1660, seeking freedom of religious worship,

and, in connection Avith others of his countrymen, formed the settle-

ment of New Paltz, Ulster county, New York. Through his mother,

Martha Patterson, daughter of Profe.s.sor Robert Patterson, of the Univer-

sity of Pennsylvania, he inherited the Scotch-Irish element which has

exerted so marked an infliience in the development of our country.

The fiither of ]\Ir. DuBois was a Presbyterian clergyman, in charge of

clmrches in and near Doylestown, and was Principal of the Union Acad-

emy at that place, a classical school then and afterwards of high reputa-

tion. He was greatly respected, both as preacher and teacher. His death,

at a comparatively early age, left a large family, in narrow circumstances,

to be provided for. The kindness of friends, but above all the energy and

devotion of the widowed mother, lightened the weight of this calamity.

The subject of our notice was, at this time, but eleven years of age. His

education, already begun at the academy under his father, was continued

there under his successor, Rev. Samuel Aaron, and for a short time at the

once noted school of John Gummere, Burlington, N. J.

The bright and studious mind of Mr. DuBois gathered every advantage

from his opportunities, and although his early education did not extend

beyond the schools named, he was well furnished in the classics and

mathematics and in English literature. "While yet a boy he developed

a freedom and capacity as a writer quite remarkable ; was a frequent con-

tributor of articles to the county papers, and aided in conducting one of

them.

His oldest brother was an eminent member of the bar, and it seemed
'

fitting that Mr. DuBois should, under his guidance, adopt the law as his

profession. He accordingly pursued th<! usual course, in the meantime

aiding to support himself by literary work and conveyancing, and was ad-

mitted to practice in September, 1832. But it was not permitted him to

prove whether he could attain reputation in that line. His course was

arrested by a fatal obstacle. Always somewhat delicate in constitution, he

was at this time attacked by a bronchial disorder, which adhered to him

through life. It so far affected his voice as to unfit him for the legal pro-

fession, or any other requiring him publicly to address his fellow-men. To

all human apprehension this was a calamity that dashed every hope of

eminence, at least in any intellectual field. But as we now stand at the

end of his career and review the steps by which he gained distinction, we

rather persuade ourselves that it was a providence constraining him to a

course of life in wliich every higher cjunlily of liis mind and character had



1881.1 '^^ [Pftttersoii.

full play, while the physical affection, if it caused to himself some suffer-

ing, in no degree hindered his success. For since a change of profession

had become necessary, he accepted an appointment in the Mint at Phila-

delphia, and thus began the life-work by which his reputation w^as estab-

lished and made firm.

Ml-. DuBois entered the Mint in September, 1833, and was first em-

ployed in the oflice of the Director, Dr. Moore. In 1835, at the request of

the Assayer, Mr. Jacob R. Eckfeldt, he was transferred to a more con-

genial position in the Assay Department. Here he continued for the re-

mainder of his life. In 1836 he w^as appointed Assistant Assayer. In

September, 1872, he succeeded Mr. Eckfeldt, as Assayer, and remained at

the head of the department until his death, July 14, 1881, thus completing

nearly forty-eight years of Mint service.

For the special branch of metallurgy in which ]\Ir. DuBois thus en-

gaged, we see that his previous training had not prepared him ; but doubt-

less he had been marked as having the intelligence, the carefulness and the

concentration of mind required for this work, and he had in Mr. Eckfeldt,

as instructor, a thorough master of the art. It is certain that ]\[r. DuBois
early took rank as an accomplished assayer, and long before his death had

reached the head of his profession.

I have referred to the association of Mr. Eckfeldt and Mr. DuBois, and

it is fitting, before I proceed farther, to allude to the singular partnership

in the labors of these two. The close intimacy made needful by their offi-

cial relations, developed into warm friendship. The tie was made closer

by the marriage of Mr. DuBois, in 1840, to Susanna Eckfeldt, the sister of

his chief. I shall have to speak of published works and scientific commu-
nications appearing under the names of Eckfeldt and DuBois. Although it

was understood that Mr. DuBois was the sole literary author, yet no sepa-

rate claim of authorship was made by either. Whatever of reputation

was earned, each was contented that it might be shared by the other, and

jealousy never for a moment weakened a union that bound them for life.

A variety of circumstances gave importance to the Assay Department of

the Mint during the service of Mr. DuBois. Most of these he has himself,

in rapid summary, and with engaging style, set before us in his obituary

notice of Mr. Eckfeldt read before this Society. Considering how inti-

mately he was associated with his chief in the labors of that time, the de-

tails thus given were in large part auto-biographical, and I shall briefly

recall them as appropriate to this obituary notice.

In the year 1834, a change took place in the ratio of gold to silver in the

standard of U. S. coins, the effect of w^hich was to bring large deposits of

gold to the Mint. The coinage previously had been chieflj^ of silver. The

more equal supply of the precious metals gave active employment in the

assay of each of them, and was of course most valuable as an experience

to Mr. DuBois, who about this time became connected with the Assay De-

partment.

In 1837, on a revision of the ]\Iint laws and standards brought about by
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Dr. Robt. M. Patterson, then Director, a reform was effected in the

method of reporting assays, the millesimal system taking the place of the

time-honored but cumbrous method of carats and grains. About this time,

also, the older plan of assaying silver was abandoned, the humid assay

being substituted, and largely worked under the direct supervision of Mr.

DuBois.

About 1838, Branch Mints were organized in the States of Louisiana,

Georgia and Xorth Carolina. The labors and responsibilities of the Phila-

delphia assay department were increased by this development, partly from

the necessity of instructing assayers for the new branches, and partly in

testing the correctness of the assaj-s made there.

In 1848, the great discovery of gold in California was made known.

This brought a tremendous pressure on every department of the Mint, and

not the least on the Assayers. The gold coinage was in three years raised

from a little over three million dollars to more than sixty-two millions. The

assays were often counted by hundreds in a day. But wliatever the pres-

sure in the office, accuracy ruled, and the r orrectness of the assays was

never impeached.

In 1853, a change was effected in the law for providing subordinate

silver coins. This brought about, for some years succeeding, an unprece-

dented coinage of that metal, and still further increased the labors of the

Assay Department.

Shortly after, a minor coinage, in part of nickel, was established, and the

assay of that metal became a part of the routine of the deparment. The

determination of nickel alloys was not well laid down in the books, and

the assay was troublesome, but all difficulties were overcome, and a prac-

tical method introduced. A bronze coinage afterwards followed, calling

for further assay processes.

Finally, and after Mr. DuBois became principal Assayer, in 1872, fol-

lowed the heavy coinages of gold as a consequence of the Resumption

Act, and of silver under the Silver Act of 1878. These, while they brought

heavy labor and responsibility on the Assay Department, involved nothing

new in the methods, and only served to test the accuracy and system of

the office while placed in his charge.

This review points to the occasions, connecting Mr. DuBois most directly

with the ^lint b\' his official action. But he was not content with the per-

formance of routine duty. More than once he has quoted as a rule of

action a saying of Paley, that "a life without employment is a life mot

worth living." He was, indeed, never idle. We might infer that the

harassing labors of an Assayer would prove sufficiently absorbing. Yet

not long after he entered the Assay Department, Mr. DuBois found, or

made, the time for engaging in other tasks.

One of these was the ftjundation of the Cabinet of Coins which now
adorns the ^lint. This was commenced in 1838. A small annual appro-

priation was procured from Congress for this purpose, and the work of

collection committed entirely to Mr. DuBois. He brought to it all the
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entluisiasm which animates most numismatists, sobered, however, by good

judgment. His expenditures were always judicious. Some of the best

of the specimens were culled from the Mint deposits for the bullion value

merely of the pieces. After the collection had taken good shape, and been

well classified, he wrote and published in 184G, a description of it, under

the title "Pledges of History," &c. The title thus selected intimated his

opinion as to the real value of such collections. He thought that a coin

should be prized for its historical teaching, or artistic merit, and dis-

couraged the rage to possess a piece simply because of its rarity. Mr.

DuBois acted as Curator of the Cabinet until his death. It falls short of

many other collections in numbers, but is so well selected and arranged

that it holds high rank in the estimation of good judges. The study of

numismatology thus begun in his youth he continued to the last, and was

ranked as among the chief masters of the science in our countr}\ He
added to it a special study of counterfeits, in the detection of which he be-

came an expert, and was able to give much valuable information to the

public.

Another important labor undertaken by Mr. DuBois (in connection with

Mr. Eckfeldt) was the preparation and publication, in 1842, of a "Manual
of the Gold and Silver Coins of all nations, struck within the past cen-

tury." This was a work of very great labor, and, from its expense, of some

risk also, to the authors. It is admirablj- arranged, the information clear,

and it embraced every subject of interest at that date as to coins, bullion,

counterfeits, &c. Subsequently, in 1850 and 1851, supplements were pub-

lished covering later topics, made prominent in consequence of the Cali-

fornia gold discoveries.

Apart from the above more ambitious works, the occasional writings of

Mr. DuBois were numerous, and continued up to the year of his death.

His papers on Numismatics were frequent and always attractive, his last

appearance in print being in April of this year, in an article on "The
Coinage of the Popes." To the "American Philosophical Society" of

which he was elected a member in 1844, he made various communications,

on behalf of Mr. Eckfeldt and himself, mostly on topics suggested by

experiences in the Assay Department. Among the most curious was one

on "The Natural Dissemination of Gold," by which we were astonished

to learn that this precious metal is found in appreciable quantity in the

clays underlying our city.

In 1869, he wrote, for the Banker's Magazine, "Propositions for a Re-

vised System of Weights, and a Restoration of the Silver Currency." The

development of his views on these subjects is a model of clear exposition,

and the conclusions reached were such as might be expected from a mind

aiming to attain practical results rather than to impose visionary theories.

The time may yet come when these views, in whole or in part, will be

embodied in legislation.

I refer, with some hesitation, to other writings of Mr. DuBois, since they

were privately printed, and carefully reserved from the public eye. These
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were Cfcneulogical Hocnrds of hh latlicr's and molher's families. It has

been well said by Daniel Webster, that "men who are regardless of their

ancestors and of their posterity are apt to be regardless of themselves.

Our ancestoi-s belong to us by atteclionate retrospect ; our descendants by
affectionate anticipation." Some such sentiment must have encouraged

!Mr. DuBois in the labor involved in the preparation of these Records.

They were written with jierfect good taste and truthfulness, and set a good

example in a branch of literature then novel, but in these latter days not

uncommon.
I have now traced the principal occasions bringing 'Mr. DuBois before

bis fellow-men, but cannot bring this notice to a close without referring to

some other particulars, bearing upon his character as an officer and a man.

From the beginning he was highly esteemed at the Mint. It was his

ambition to acquire a knowledge of every branch of the service, and with

his capacity and opportunities this end was attained. He early became the

trusted friend and counsellor of his colleagues, and was able to serve them
in many waj-s, perhaps most of all with his ready pen. As time passed,

and forty-oigbt years of experience was given to him, he was recognized

by all as the Nestor of the Mint service.

And here I pause to draw a lesson, from the example of !Mr. DuBois's

life, as to, the value of a properly organized civil service. In the depart-

ment with which he was connected, political tests were never obtruded,

and peniianence of tenure followed on merit. On no other basis could his

services have been claimed or retained. They would have been transferred

to a private sphere, probabl}' to his pecuniary gain, certainly to the public

loss. Under a more rational policy, he was conteoit to give to the Govern-

ment the devotion of a lifetime. Proud of the service in which he was
engaged, he sought to fix it at a high standard. If he lent it reputation by
his labors and varied talents, he felt that this was for himself a sufficient

reward. And he sought further to elevate the service through the new men
brought into it, giving to their instruction an intelligence and patience

which they gratefully remember. But if he spared not himself, and gave

freely of his time, his talents, and his experience, he was nevertheless

sparing for the Government, cautious in public expenditure, scrutinizing

the smallest details, and never permitting an extravagance.

We have seen that 3Ir. DuBois appeared on many occasions as an author.

It is to be regretted that these were not more frequent, for his style had
singular merit. Whatever was the matter treated, he attracted and held

you to the end. There was a certain quaintness, a vein of humor, which
croi)ped out in the most unexpected way, and all the more charming from
the contrast with the other^\ise dry theme under discussion.

In per.<;onal appearance Mr. DuBois was tall and spare, showing marks
of the delicate health to which he was subject from early manhood. His
features were regular, his eyes dark and brilliant, his countenance habit-

ually grave, but easily lighted to kindly expression in the intercourse with
friends. He was deterred by the vocal difficulty, of which I have spoken.
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from seeking society, but he enjoyed it when it came in his way, Avas a

good listener, observant, and with a keen sense for the humorous side of

things. He was very accessible, and ever ready to lend aid from the stores

of his knowledge, but in particular did he delight to instruct and bring for-

ward his younger friends.

I am happj^ to close this notice by speaking of the deep religious faith of

this dear friend. Before reaching manhood, he consecrated his life to the

service of God, through Christ, and never afterwards wavered in his trust.

His belief was to him a source of perennial joy, and he did not ftiil in the

duty of trying to bring others to share in the faith which was the life of

his life. No stress of labor, no ordinary worldly interests, checked the

spiritual meditations of this earnest man. Since his death there have come
to light, before kept secret from his own family, volumes covering a period

of nearly fifty years, embodying mainly his religious thoughts, and laying

bare his soul. I confess that it is with a certain awe that I have read these

utterances, voiced as it were from the grave. Here the whole man is seen,

and the completeness of his character made clear.

Mr. DuBois was able to fulfill his ofiicial duties until within a few months
of his death. He was fully conscious of his approaching end, preserving

his intelligence to the last, and the faith Avhich had comforted him in this

life supported him at its close. He left surviving him a widow, two sons,

and one daughter, who have in the memory of his well-spent life a blessed

inheritance.

Note on the Lararaie Group in the vicinity of Raton, New Mexico. By John

J. Stevenson, Professor of Geology in the University of the City of New
York.

{Bend before the American Philosophical Society, D&cemher 2, ISSl.)

Raton, New Mexico, is an important station on the Atchison, Topeka
and Santa Fe Railroad, at about five miles south from the Colorado line.

It stands ou the Canadian plain immediately south from the basalt-capped

Raton plateau (the Chicorica mesa of Hayden's map of Colorado), and at

the foot of the Laramie bluff, which forms the western boundary of the

plain. The canon of Willow creek, followed by the railroad from the Colo-

rado line, opens at little more than a mile north froin Raton. Dillon's

canon and that of the Upper Canadian open together at barely two miles

south-west from the station, while petty canons notch the face of the bluff

at irregular intervals.

The lower beds of the Laramie grotip are fairly well shown at many
places along the bluff as well as near the mouths of the larger canons.

During 1881, the Atchison, Topeka and Santa Fe Railroad Company made
extensive examinations of the Dillon coal bed, coal bed A of the writer's

generalized section, which exhibit the structure of the bed far better than

PROC. AMER. PHILOS. SOC. XX. 111. N. PRINTED MARCH 7, 1882.
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This ii\so is on the upper division, and the features are very similar to

those observed sit the Fulbrite opening. At the time of examination, the

entry liad been driven 70 feet, but sound coal had not been reached as the

hillside is very badly slipped. Another opening was run at a little dis-

tance further up the canon. There the lower division is insignificant, and

an entry had been driven nearly 60 feet in the upper division, which

showed :

1. Coal 0'G"to8"
2. Sandstone parting 0' 1" to 3"

3. Coal 0'7"

Clay and sandstone OM " to 2"

Coal 0'8" 2' 11" to 3' 7"

Bony coal 0' 2" to 3"

Coal OT)"

8. Bony coal 0' 1" to 2"

9. Coal 0' 4" to C" J

2' lU"

The quality of the coal varies materially in the several benches. It all

burns readily, and yields a powdery ash. No. 7 and 9 are liked for use as

domestic fuel. At another opening further up the caiion, the lower divi-

sion is worthless, and the mining was done on the upper division, which

shows :

1. Coal O'Gi"

2. Parting
• 3. Coal..^ 0' 0"

4. Parting

5. Coal 0' 6 "

6. Parting ;

7. Coal 0'8 "

8. Parting - —
9. Coal 0' 9 "

Unlike the other i)its, this shows no good coal, and the whole bed is

more or less bony. The last opening examined is at nearly two miles

from Raton, and very near the last exposure of the bed in this canon. No
exposure of the rocks, either above or below the bed, was found, but the

structure at this opening is so different from that observed at the other pits,

that there is no room for doubting that this is the lower division. The sec-

tion is :

1. Coal OM^"
2. Shale 0' 2^" to 4"

3. Coal 1*
' 3 " to 9" 1- 3' to 2' lOi"

4. Shale 0' 5 " to 8"

5. Coal 0' 9 "

No. 1 burns well, but is very bony, and the ash consists of angular frag-
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ments. No. 3 leaves a powdery ash, but it is pyritous. Nos. 2 and 4 vary

at its expense. No. 5 is mc-rely a coaly shale. The roof is irregular, and

rolls or horsebacks cut out much of the bed.

The coal from the Billon bed is far from being such as is obtained from

the standard beds of the Appalachian field, but it is fully equal to that

from manj^ beds, which is used as domestic fuel over large areas of our

country. That from the openings in DiHon's canon, from Fulbrite's open-

ing and from one opening in Willow's creek canon is a good domestic

fuel, superior indeed to that from the Waynesburg coal bed in Southwest

Pennsylvania, which is an important source of supply for an extensive

area. The ash does not exceed 15 per cent., barely one-half more than the

amount contained in much of the Connellsville coke. This bed will be-

come important to the region along the Atchison, Topeka and Santa Fe
Railroad, which is cut off from the Trinidad bed at Trinidad, by the diffi-

cult grade between Trinidad and Raton pass.

Another bed, probably coal bed H of the writer's generalized section,

has been mined to some extent near the head of Willow creek canon. The
bed was opened somewhat more than a year ago by Mr. Pettigrew, who
hauled the coal to Raton. The section at the Pettigrew opening is :

1. Coal 1' " 1

2. Shale V "

3. Coal 2' 2 "

4. Sandy shale 0' U" \
5' 10".

5. Coal 0' lo'" to8'

6. Sandy shale 0' 1 "

7. Coal 0' 8 "
J

No. 1 is slaty, and streaks of coal occur in No. 2. The coal from No. 3

is clearly the best found within several miles of Raton. It leaves a some-

what bulky ash and contains some pyrites, but it is a strong fuel, and ad-

mirable for steaming, as has been proved by tests on locomotives, where
it worked better than the Trinidad coal does. It is preferred also for do-

mestic purposes. The coal from No. 5 is but little inferior to that from No.

3, and tlie two benches were mined. No. 7 yields a coal which is hardlj-

equal to that of the other two benches. The bed is somewhat twisted in

this mine. A sudden dip was found at a short distance fi'om the mouth of

the pit, which continues for somewhat more than ten yards, bej'ond whicli

the miners did not follow it.

The railroad company has opened an extensive mine at a little way fur-

ther down the canon. The measurements there are ahnost exactly the

same as in the Pettigrew opening.
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On a New Substance resemhUnrj Dopplerite from a Peat Bog at Scranton.

By Henri/ Canill Leicis, Professor of Mineralogy in the Academy of Nat-

ural Sciences of Philadelphia.

{Read before the American Philosophical Society, December 2, 1881.)

In the course of an excavation for a new court-house at Scranton, Pa.,

made last July, a very interesting substance was discovered, specimens of

which were sent to the writer at that time for investigation. The excava-

tion cut through a peat bog, and it was at the bottom of this bog, some 25

feet from the surface of the ground, that the substance here referred to

was found.

It appears that formerly there had been a lake or swamp at this place,

which with the extension of the town had been filled up. Below eight

feet of cinder and other rubbish there is a bed of peat 10-12 feet in

thickness. The peat is said to be a good fuel after drying. Beneath the

peat is a deposit of "swamp muck" or carbonaceous mud, which dries to

a hard compact gray mass, burning with difficulty. In this "muck"
are numerous plant remains and occasional seeds.

The whole deposit rests upon glacial till or "hardpan," and is therefore

of post-glacial origin.

Scranton is in the glaciated portion of the State, and the peat bog found

here is one of the many which owe their origin to glacial causes. These

peat bogs have been formed, for the most part, in former swamps or lakes

caused by the damming up of streams by ridges of drift deposited at the

time of the melting of the glacier.

Near the bottom of the Scranton peat bog are irregular veins filled Avith

a black jelly-like substance, elastic to the touch. The veins of this sub-

stance, which are confined to the muck above described, vary in width

from a mere stain to between two and three inches, and make all angles

with the horizon, being frequentlj' nearly perpendicular.

The substance, as thus found, has the following properties : When first

taken from the ground it is jelly-like in consistency, breaking with a con-

choidal fracture, and having a hardness of less than 1. Immediately on

exposure to the air it becomes tougher and more elastic, resembling India

rubber. It may be preserved in this condition if kept in alcohol. The

substance is black by reflected light. When a thin slice cut by a knife is

examined under the microscope it appears brownish-red by transmitted

light, and is nearly homogeneous in character.

Occasional seeds occur in this substance as well as in the surrounding

peaty matter. In general appearance they resemble the seeds of certain

Cyperacete. Under the microscope their surface is seen to be curiously

marked with irregular wavy outlines. Professor J. T. Rothrock has been

kind enough to make some sections of these seeds and reports concerning

them that they have the characters of spores of one of the higher crypto-

gams, proijably Marsilia. He states that Marsilia is a bog plant which is

found during later geological time, and that the general shape and size of
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its fruit corresponds with tluit of the specimens under examination. The
outer coat is made up of outwardly pointing prismatic columns, the ex-

tremities of which gives the peculiar wavy appearance seen on the surface

of these pea^ seed^. Yet since the interior bag and its contents can be reduced

neither to an embryo nor to the interior structure of the Marsilia, it is not

possible to assign these seeds detlnitely to that species. No otlier recog-

nizable organisms have been noticed in the substance here described.

The black jelly is tasteless and odorless. If placed in the flame of a

Bunsen burner before drying, it burns slowly and without tlame. It is

almost insoluble in water, alcohol or ether, but is almost completely dis-

solved in caustic potash ; and from the dark-brown solution thus formed

may be precipitated in reddish-brown flocculent masses by the addition of

an acid.

After exposure to the air until completely dry, the substance becomes

brittle, and nearly as hard as coal. In this condition it resembles jet or

some of the varieties of lignite, and might readily be mistaken for those

substances. It acquires a hardness of 2.5, and has the brilliant resinous

lustre, and conchoidal fracture of true coal.

It has a specitic gravitj' of 1.033. It is jet black in the mass, but in pow-

der is dark-brown. It now burns with a clear yellow flame. Soaking in

water will not soften it appreciably. In the closed tube it gives ofl" water,

and abundance of brown oil and empyreumatic vapors. The latter are in

the form of a white smoke which can be lighted at the end of the tube.

In solubility it is like the undried substance. Hot alcohol dissolves a

^mall portion, and forms a pale j-ellow solution. On treatment with

caustic potash it dissolves completely, with the exception of an extremely

slight residue of impurities. It will dissolve even in the cold. This test

serves to distinguish the dried substance from brown coal or lignite,

which are but partially soluble in alkalies.

A very slight trace of ammonia is given oti on heating with caustic

potash. By dissolving in a standard solution of alkali and titrating with

standard acid, it is found that .the substance has an acid reaction. It is

therefore either an organic acid or a mixture of such acids.

The physical characters of this substance are closelj^ allied to Dopplerite,

but its chemical composition, as will be seen from its analysis, prove it to

be an undescribed substance.

Mr. John M. Stinson, of the Second Geological Survey of Pennsylvania,

has, at the request of the w^riter, kindly made the following analysis. The

substance was carefully separated from the surrounding earthy material,

and dried at 212° F. before analysis. Carbon and hydrogen were de-

termined in duplicate, the two determinations closely agreeing:

Carbon 28.989

Hydrogen 5. 172

Nitrogen 2.456

Oxvgen 56.9S3

Ash «.400

100.
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Approximate analysis of the dry separated material gave :

Vblatile matter 72.190

Fixed carbon 21.410

Ash 6.400

100.

Subtracting the amount of ash from the first analj^sis, we have :

C 30.971

H 5.52(5

O -f X 63.503

100.

From this we may deduce the empirical formula C10II.2.2O16. This for-

mula would yield the calculated composition :

C 30.15

H 5.53

O + X 64.32

100.

In giving the above formula, it is bj' no means assumed that it represents

a .simple mineral substance. It is merely a convenient expression of its

composition. It is probable that the substance here described is a com-

plex organic acid containing water. The nitrogen may possibly exist as

ammonia. The small amount of carbon and the excess of hydrogen dis-

tinguish this substance from other organic acids. By the subtraction of

XH4O, and one or more parts of H-fi from the formula, it may be more
closely allied to some of the organic acids which form Humic acid, the

formula of which is so variously given l)y different authors. The determi-

nation of the true formula of the acid here analjv.ed, can only be determined

after the formation of an organic salt with lead or silver. The absence of

any exact knowledge concerning the composition of the organic acids ex-

isting in humus, as recently shown by Julien,* renders it difficult to

express definitely the chemical relations of the substance under di-scussion.

The relation which it bears to its nearest ally, Dopplerite, may best be

seen after a review of the facts as yet gathered about that curious

mineral.

The mineral known bj' that name, and generally regarded as allied to

Ilumic acid, was first found in a peat-bog near Aussee, Austria, at a depth

of 6 to 8 feet below the surface. It was a black gelatinous substance, known
by the peat-cutters as " Moder-substanz," which after exposure to the air,

became at first elastic and afterwards brittle, assuming the lustre of coal.

Doppler drew attention to this substance in a paper entitled "On a re-

*Proc. A. A. A. S.. 1876 p. 311.
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markable gelatinous substance discovered in Austria," read before the

Vienna Academy in 1849,* and stated that it was nearly insoluble in

water, alcohol and ether, but almost entirely dissolved by caustic potash.

Having been referred to Haidinger and Schrotter for further examina-

tion, it was fully described and named by them a week later. Schrotter f

found its composition to be (after drying at 212° F.) :

C 48. 06 or without ash

H 4.93 C 51.63

40.07 H 5.34

N 1.03 O + X... 43.03

Ash 5.86

Haidinger named the substance and described its physical properties.

He stated the observation of Lowe that it burned without flame, and that

of Etlinghausen that it contained recognizable vegatable organisms.

In 1858, Giimbelj; announced that a substance very similar to Dopplerite

occurred in a peat-bed near Berchtesgaden, Bavaria. Like the substance

from Scranton, a black jelly-like substance was found as irregular and

sometimes nearly vertical veins of varying, but slight thickness, in the

lower part of the peat. It was known as Peat-Pitch-Coal. It was very

slightly soluble in alcohol, giving it a pale yellow color, but was almost

completely soluble in alkali. Unlike the original Dopplerite, it burned

with a yellow flame. Glimbel indicated the chemical changes which con-

verted wood into peat, and showed that Dopplerite had the same composi-

tion as peat, and was in fact a truly homogeneous peat.

In 1863, Dopplerite was discovered in a peat-bog at Obburg, Switzer-

land, and was described by Kaulfmann, who in an important paperg

showed that it had the same physical properties and chemical composition

as the Dopplerite of Aussee.

It occurred in a black peat at a depth of 12 to 14 feet, in layers

sometimes a foot in thickness. Except in burning without flame, its phys-

ical properties were nearly identical with the Scranton substance-. The

air-dried Dopplerite lost 19.7 per cent, of water at a heat of 110° C, and

according to Muhlberg had the following composition :

C 52.3

H 5.9

0+ N 35.7

Ash 5.3

100.

By dissolving in caustic potash, precipitating by acid, and then analyzing

the dried precipitate, a similar composition was obtained. KaufFmann

*Sitzunsb. d. k. Acad. d. Wiss. Wien, 1819, Vol. i, p. 239.

t Log. cit. p. 286.

X Neues Jahr., f. Min., 1858, p. 278.

g Jahr., d. k. k. Geol. Reich, Wien. 1865, Vol. xv, p. 2S3 .

PKOC. AMER. PHILOS. SOC. XX. 111. O. PRINTED MARCH 7, 1882.
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concludes that Dopplerite consists of one or more of the humous acids, and

shows that the portion of peat soluble in alkali is identical with Doppler-

ite, and that compact peat contains minute black particles of Dopplerite.

Peat is therefore a nii.-vture of Dopplerite with partially decomposed plant

remains ; while Dopplerite itself may be regarded as a homogeneous peat

in which all organisms have been decomposed. He shows that in different

peats the proportion of Dopplerite, or part soluble in alkali, increases with

the age of the peat, while the contrary is the case with mineral coal. Thus

while in a recent peat but 25-30 per cent, was soluble, in an old compact

peat, the proportion was 77 per cent. On the other hand, the solubility of

coal, decreases with its age, as shown in the following table, where the

figures represent the degree of solubility in alkali :

(Dopplerite) (100)
" Slate coal," a woody lignite, Diluvial To

Brown coal 42
" Pitch coal, " Upper Miocene 10

" Lower " 5

Bituminous coal. Eocene : 2.3
" Carboniferous trace.

Anthracite

He concludes that in the formation of coal from peat, the first step of

the process is the formation of Dopplerite, and the second the gradual

transformation of the latter into a material less soluble in alkali, and richer

in carbon.

Several other European localities for Dopplerite have more recently

been discovered.

A substance resembling Dopplerite in the peat of Hiignetswyll, St.

Gall, Switzerland, mentioned by Deicke,* burns with flame, and is re-

garded by Kenngott as having characters more Jiearly approaching those

of Pyropissite or Melanchyme. It possibly is more analogous to the sub-

stance from Scranton.

Dopplerite has not as yet been discovered in America, While the sub--

stance described in the present paper more nearly resembles Dopplerite

than any other known mineral, it differs, as already shown, both in com-

position and in its behavior when burning.

A distinguishing feature of the Scranton mineral is its very low per-

centage of carbon. Dopplerite has almost the precise composition of peat,

and peat, as is well known, contains more carbon than is contained in

wood. Yet the Scranton mineral contains even less carbon than is con-

tained in wood.f The empirical formula of the Scranton mineral gives

• Xeues Jahr. f. Nim., 185S, p. 66.3.

fThe composition of peat is about:

C H O + N Ash.
CI 6 :« =100

Th e average composition of wood is:

C H O -1- N Ash.
49.6 6.1 43.1 1.2 =100

v. Coal, its History and Uses. Thorpe, etc., p. 163.
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a larger amount of hydrogen tlian is expressed in the formulas of any
similar substance.*

The first printed notice of this substance was given by Mr. T. Cooper.

f

A week later Mr. C. A. Ashburner, contributed to the same Journal the

following analysis made by Sir. J. M. Stinson :

Water at 212° G6.758

Volatile matter 9.826

Fixed carbon 4.012

Ash 19.-404

100.

Mr. Stinson informs the writer that this analysis was made upon a

sample consisting of a mixture of peat, muck, aiid the jelly-like substance,

and that as no attempt was made to separate the latter, the analysis is

not of scientific value.

Special interest is attached to the substance here described as being per-

haps an intermediate product between peat and coal. "While the quater-

nary lignites illustrate the transformation of wood with coal, this substance

illustrates a similar change from peat. As by the investigations of Kaufl-

man, it was shown that the formation of Dopplerite preceded that of any

of the varieties of coal, so in the present case we have perhaps a yet earlier

stage.

The characters of the Scranton minei'al entitle it to a distinctive place

among the hydrocarbons of natural origin. It has been the custom among
mineralogists to regard these substances, as mineral species. In view,

however, of the objection to adding new mineral species whose distinctive

characters are made prominent only by analysis, the writer believes that

it would be more advisable to combine those already described under

generic names, and to regard the minerals included in such genera as va-

rieties.

In the present case we have to do with a black jelly-like substance

derived from vegetable decomposition, which with a different composition

and Avith somewhat different physical properties has been found in similar

geological conditions in several parts of Europe. It is therefore suggested

that all of these substances be combined under one generic name. The

name " Phytocollite" (crtiywi', z'>/^.«) signifying "plant-jelly," would in-

clude all jelly-like substances formed by the decomposition of plant mat-

ter. Dopplerite would then be regarded as one of its varieties, the mineral

described by Diecke would be another, and the mineral from Scranton

yet another.

* The formula of Dopplerite has been given as

:

C40 H25 O25 (Gmelin);

C16 Hjo Oio (Descloiseaux)

;

Cio Hg O5 (Dana),

t Engineering and Mining Journal, Aug. 13, 1881.
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Plan of Rockery

On- the Campus of the Uxiveksity of Penxsylvania.
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Rockery at the University of Pennsylvania, built in 1881. By Eli K. Price.

{Read before the American Philosophical Society, Dec. 16, 1881.)

The form of the White Oak leaf is used and the rocks so placed, that

every one may be seen. They are arranged according to the places where

they were found, to show how nature has disposed of them.

Section I.—The large upright black stones at the tliree corners {a) came
from the tunnel on Thirtieth Street, near Master, 40 feet below the curb,

50 to 60 below the gravel hill.

The quarried stones {b) are from the quarry of Price & Moore, next

westward of tlie Woodlands Cemetery ; those next east (c) from the

quarry of Samuel C. Bunting, Junior, south of Walnut, west of Forty-

fourtli Street ; tliose farther east (cZ) from William P. Supplee's quarry

east of Fiftj^-third Street, southward of Girard Avenue ; those marked (/)

from McKinley's quarry on Rittenhouse Street, near the Wissahickon ; and

all the other quarried stones in this section {e and g) are from grounds of

Eli K. Price, on both sides of Twenty-ninth and Thirtieth Streets and of

Master and Jefferson Streets ; and the residue of this section is covered'by

transported rubbed rocks from the gravel hills of the same and adjoining

grounds, at an elevation of about 100 feet.

Section II is wholly covered by white and light-colored rocks, trans-

ported and polished, from grounds of George S. Harris, J. Clothier,

L. Dolbj'^ and others, on south side of Market Street, from Fortj'^-eighth to

Forty-ninth Streets, a space of 480 feet by 246 feet, from a sand and gravel

hill of a height of about 100 feet above tide. The Urge white rocks at the

ends of this section lay near together, and show that when transported

they came as one rock.

Section III.—Letter i are stones from the south side of Chestnut Street,

extending from Forty-seventh to Forty-eighth Streets, from a gravel and

sandy elevation of about 70 feet above tide, from the grounds of tlie

Byvam heirs and others.

Section III.—Letter k are stones from both sides of Forty-fifth Street and

of Spruce Street, from grounds of Albert S. Letchworth and others. The

elevations were about 90 feet above tide.

Section IV is wholly covered by stones from the City Almshouse

grounds, westward of Thirty-seventh Street, and both sides of Spruce and

Thirty -eighth Streets, from gravel about 85 feet above tide.*

* These elevations are based upon the following curb heights, which are.about
ten feet lower tlian the gravel banks had been :

Philadelphia, December 8th, 1881.

Dear Sir

:

—The following are the elevations of the c\trh corners above tide,
asked for in your note of 7th inst. :—Jefferson and Twenty-eighth, 96.57 feet;
south side of Market and Forty-ninth, 88 feel ; south side of Chestnut and Forty-
seventh, 64.74 feet; north side of Spruce and Thirty-eighth, 76 feet, and south side
ditto, 75 50 feet ; Spruce and Forty-fifth streets, 83.50 ; Tunnel, Thirtieth and Mas-
ter streets, 40.70 to bottom.

Yours, Ac.,

Samuel L. Smedley, Chief Engineer and Surveyor.
To Eli K. Price.
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For the taking of the above stones I hud, as far as known, the permission

of the owners .or llieir representatives, and for them the University of

Pennsylvania and citizens owe thanks to the City of Philadelphia, to

William IJaldwin, Chief Commissioner of Highways, George S. Harris,

Dr. Twaddell, J. Clothier, L. Dolby, Samuel C. Bunting, Jr., Albert

S. Letclnvorth and others, who gave them these valuable objects of

curiosity and science without charge. The hunting, hauling and building

them into a Rockery has been mj' occupation, with men and cavts taken

from my quarrj' for one day or more of the week, from the beginning of

June to the end of December, 1881. The purpose of gathering these rocks

lias been for their preservation, and convenience of study by professors and

students, and all interested in the important questions to which they give

rise.

AVhat do these rocks say to us here to-day? Plainly they show the

minerals they contain. But we go back from these to the period of

primary rocks, to the granites and other igneous rocks, whose melting and

moving power was fire, and whose disintegrations furnished the material

for the stratified rocks deposited by later pervading waters ; and these also

again, becoming disintegrated by frost, heat and water, also became

modifying and different sources for their last granular depositions in

strata. "We have here from the quarries gneissic rocks, the first strata of

the secondary formation ; and we have the transported rocks, also de-

posited by water, consisting of materials that have undergone manj"^ changes

of stratification and re-stratification as well as of attrition.

In the study of these rocks we pass from a time when no life was on this

globe into periods since the beginning, spoken of in tlie first verse of

Genesis, wherein all life has been created ; and therein perceive the

methods of the Creator in the structure of this globe.

The transported rocks demand special explanation. We ask to know
what are their compositions? What their names? Where were they in

the regular order of the geological stratification ? Where geographically-?

How were they torn from their places? How transported to where found

round our University? How polished? How lifted upon the hills? Had
we really a great "continental glacier" to bring them here ? Was the

world made, peopled, civilized for the. repetition of the disaster of the

"Great Glacier "?

These are some of the questions for the mineralogists and geologists, in

"and out of the University, to answer: it is hoped that they may long

incite to interesting and useful study. The objects are the oldest, but the

questions are of new presentation.

Charles E. Hall, of our State Geological Survey, began to observe some

of these rocks in 1875, and has partially answered the above questions,

according to his observations and convictions at that time. (See Proceed-

ings Amer. Philos. Soc, No. 95, Nov. 1875, p. 633.) He followed Agassiz,

Lyell, Geikie, Croll, Dana and Newcomb in placing the south line of the

great continental glacier at and below the 40th degree of north latitude,
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and naturullj- inferrcil that it was the cause of the deposit here of these

transported rocks.

In 1878 Professor Cook published his "Report on the Geology of the

State of Xew Jersey," and placed the glacial drift northward, on a line

from a point of the Raritan river (lat. 40^ 30'), thence X. W. to Den-

ville (near the 41°), thence westward and south-westward to Belvidere on

the Delaware (lat. 40° 50')-

In 1881 Professor Ilenry Carvill Lewis, also of the Second Geological

Survey of Pennsylvania, has traced the southern line of the glacial drift

through this State for a distance of about 400 miles. He informs me, in

advance of publication, that this line, which is marked by a terminal

moraine, starts at a point opposite Belvidere, and passes in a north-west

direction over the Kittatinny and Pocono mountains, and across the

Lehigh and Susquehanna rivers into Lycoming county, where it ascends

the Alleghany Mountains, and continues thence in a nearly straight line

into Cattaraugus County, N. Y. (lat. 42° 15'). It there curves south-

westward and, re-entering Pennsylvania in "Warren County, passes south-

west through Venango, Butler and Lawrence Counties, until in Beaver

County (lat. 40^ 50') it crosses the Ohio State Line.

In his "Essay on the Antiquity and Origin of the Trenton Gravels,"

Mr. Lewis states his belief as to " the Terminal Moraine " which he had
explored, which "winds over hills and across valleys in such a manner
that b}^ no other known agency than a great glacier could it have been

produced," p. 17. This is the product, he says, of the last glacial epoch.

There is some evidence that in an earlier period a glatier advanced south

of that limit. To the north "the great glacier has left undoubted traces,

in the universal covering of unstratified boulder clay or till, in the

smoothed and grooved rocks, the transported boulders, &c." "There are

many facts which indicate that the ice, even close to its lower terminus,

had a thickness of over 1000 feet, which increased northward," pp.

18, 19.

Mr. Lewis also speaks of a post-glacial flood, "at a time when the river

[Delaware] was larger than at present," as a "conclusion warranted by

many facts, and as a cause of the deposit ofthe Trenton gravels,
'

' p. 19, &c.
;

and " that the boulders upon its surface were dropped from ice-cakes is,

liowever, probable," p. 23.

Did, then, these transported rocks come here b}^ glacial action ? If so, at

a first or second glacial epoch? By a great glacier or by floated ice?

Were they lifted upon the hills by ice or water ? Or was the earth sunk

when they w^ere brought, and the rocks afterwards lifted by the rising

of the earth's surface ? Professor Lewis gives to these transported rocks

a transporting cause common to the Philadelphia red gravel and our brick

clay, at "an epoch of submergence as indicated by the elevation of their

deposit;" and that "it is probable that this clay may be assigned to a

period when the land stood 150 feet or more below its present level, and
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TV-hen tlio cold waters from the melting glacier bore ice-rafts which

dropped their boulders," pp. 4, 5, 6, 7.

It seems apparent that the supposed ice-sheets or glaciers have been

greatly magnified by the first-named glacialists, both in tlfeir thickness

and extent, by reason of their taking the earth as a stable land-mark,

whereas it is less stable than the ocean. Great rocks have been taken for

boulders, though in situ, because they have been al)raided by floating ice-

sheets and the rocks they have borne ; rocks supposed to have been trans-

ported and tipheaved by glaciers, have been floated dotcmcards by ice rafts or

icebergs, and afterwards have been lifted by the rising oscillation of the earth

;

and mountain sides are supposed to have been scored by great glaciers 6000 or

more feet thick, yet the scorings may have been made much lower, and

afterwards have been carried upwards to such height bj^ the rising moun-

tains. It seems not to be sober philosophy to seek abnormal causes when

the ordinary laws of nature may aff'ord the sufficing explanation. A
sufficient cause is enough. The mountain tops have been higher and

colder, and been since lowered by erosions ; their oscillations have been

upwards and downwards ; the valleys have been raised by the debris of

the mountains, and have risen and fallen with the rocks beneath them ;

and how frequent are these alternations, and for what beneficent purpose,

may be seen in every seam of coal in the carboniferous regions; for each

was grown on a plain in the open air, and had the light and heat of the

sun, and then sank below the waters, that these might deposit the particles

to make the protecting covering rocks for the unknown centuries that

followed, when again all were corrugated and lifted to bring them into

human reach for man's uses, in ages when skillful enough to win and

ai)ply the coals, the products of the soil, water, air and sun, and

the life that God gave to tlie plants at a remote and momentous era of

creation.

It becomes us not to unreasonably impeach the goodness of the Creator.

It seems, from all we know, not likely that He would destine the fairest

portion of this earth, where man has best developed his civilization, to

destruction by ice. The physical sciences, as well as those of morality

and religion, furnish the proof that there is a limitation of forces that

conserve nature, and afford us the foundation of a scientific faith that

man's best home on earth is an abiding one for the race. Yet must science

observe all facts and heed all reasonable reasons ; and doing so mankind,

it is believed, will gain reassurance that they are held in safety by a

Creator who forever conserves His works.
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77*6 Vagus NerdC in the Domestic Cat (FcUs domestica).

By T. B. Stotoell, A.M., Ph.D.

(Read before the American Philosophical Society, July 15, ISSl.)

The idea of using tlie cat as the basis of anatomical study is by no means

arecentone. Straus-Durckheim's "Anatomic du Chat, " Dr. B. 6. Wilder's

" Anatomical Uses of the Cat," and other papers publislied by the same

author since 1877, and Mivart's recent work on "The Cat," present the

general thought with more or less directness. I am not aware, however,

that any one has made a study of the nerves of the cat in their detailed

distribution. Having compared the vagus nerve in man, cat, dog, horse,

ox, sheep, rabbit and frog, I am satisfied that the cat {Fells domestica) pre-

sents advantages over all others as a basis for comparative study. I ac-

cordingly submit the accompanying figures and text to aid students who
may be disposed to investigate Comparative Neurology.

The cat, dog, and rabbit were injected with plaster, as recommended by
Prof. Simon IT. Gage, of Cornell University, in a paper published in The
American Naturalist, vol. xii, p. 717. The figures are semi-diagrammatic

;

they were originally drawn to a scale, natural size; for the purpose ofgiving

prominence to certain relations, to ramuli and anastomotic filaments, such

modifications have been made as seemed necessary; where a nerve trunk is

continuous, with no distinctive characters, it is shortened, e.g., thegastro-

cardiac portions of the vagus (Fig. 9). The figure of the stomach is re-

duced one-half (Fig, 13). For the sake of simplicity no attempt has been

made to reproduce plexuses or the terminal ramification of filaments.

The nomenclature used is largely that advocated by Dr. B. G. Wilder,

before the American Association for the Advancement of Science, at Boston,

1880, in a paper entitled " A Partial Revision of the Nomenclature of the

Brain," and in a more detailed communication publislied in Science, March

19, and 2G, 1881, entitled "A partial Revision of Anatomical Nomencla-

ture, with especial reference to that of the Brain." The simplicity and

perspicuity of the nomenclature commend it alike to the lecture-room and

the laboratory.

[Ill cases wliere it was thouglit that any iiossible doubt miglit arise from using

the new terminology, the new words are followed by their anthropotomical
equivalents.]

The vagus nerve (N. vagus; N, pneumogastricus; Pars vaga; Par vagum;

N. ambulatorius; N. sympathicus medius; Eighth pair, pneumogastric

branch, Willis; Tenth pair, Sommering and Vicq-d'Azyr) presents the

following marked characters, viz :

—

General Characters : N. vagus has the most extensive distribution

and the longest course of the cranial nerves ; in its cephalic region princi-

pal rami are derived from ganglia ; it forms by its frequent and complex

anastomoses with N. sympathicus numerous plexuses, hence presents in-

volved physiological and pathological complications ; its terminal fila-

PROC. AMER. PHILOS. SOC. XX. 111. P. PRINTED MARCH 8, 1882.
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mcnts suppl}' the muscuUir substance and tlie mucous membranes of

organs ; its development in relation with the development of, notably, the

heart and adjacent blood-vessels, and the stomach, renders its distribu-

tion somewhat asymmetrical,. necessitating special anatomical study of its

dextral and sinistral relations, and giving corresponding and distinctive

physiological and pathological characters ; the relation of this nerve to

organic life, to the automatic and the reflex phenomena of respiration,

and to the so-called "inhibitory phenomena" gives importance to its

study.

Special anatomical characters: X. vagus and its rami are dis-

tributed to the most important viscera, at least to viscera most intimately

related to the functions of organic life, e. g., digestive—pharynx, a>sopha-

gus, stomach, liver, pancreas, intestines ; circulntory—heart, pulmonary

arteries, pulmonary veins, systemic arteries and veins in the region of the

heart ; respiratory—larynx, trachea, bronchi, substance of lung.

Special physiological characters: N. vagus is a sensory-motor

nerve, having both sensitive and motor fil)res ; it controls, regulates or

modifies the movements and the secretor)' functions of the organs to

which it is distributed, and upon it depend the sensory phenomena which

characterize the respective organs.

DESCRIPTION : Origin and cervical portion—X. vagus in

The cat (Felis domesfica) takes its superticial origin from two regions of

the medulla : by 12-14 filaments from the ventral border of corpus resti-

forme and the depression line between ep. restiforme and the portion of

medulla next laterad (Fig. 3, 4),* in a line caudad of (posterior to)

the origin-filaments of N. glosso-pharyngeus (ninth pair of cranial

nerves), (Fig. 2, 4), from which nerve it is sometimes separated by a

small arterial tAvig of A. cerebellosa inferior ; and by 4^6 filaments imme-

diately ventrad in the slight depression line vent rad of oliva and ceplia-

lad of the origin-filaments of the spinal portion of N. accessorius (Fig. 2.

L). The dorsal filaments form a somewhat curved line of superficbil

origin, measuring 8-4 mm. in caudo-cephalic direction, and presenting its

convexity dorsad (Fig. 2. X) ; the cephalic filaments are most ventral and

leave the medulla oblongata just caudad of A. cerebellosa inferior—a con-

siderable branch of A. basilaris at I'igUt angles with the main trunk and

* There is some difficulty in establishing satisfactorily the homologies of the

ineilulla. There are reuson.s for I'eganling the third nerve tract Ironi the dor-

simesoii as the homologue of corpus olivarinm : this is manifestly not the cp.

olivariuin of Foster as given in his " Practical Physiology;" it should be noticed

that the cephalic origin-fllaments ot X. accessorius become apparent in this

depression line, while tlic caudal origin-filaments appear along the depression

line venirad of this tract. The elliiitioal area (Fig. 1, ;{) laterad of ventripyra-

mis (anterior pyramid) and the one still dorso-lateral have relations upon which
homologies might be based, giving each one the name oliva (cor)ms olivarium).

It is not proper in thi.s connection to discuss homologies. I have made this

allusion in apology for the indetiniteness of description of the origin-line of N.

vagus. Whatever homologies may be established and names assigned, the

flgures (Fig. 3, 4) designate the relation.
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given ofT4-6 mm. ccplmlad of union of A A. ver;el)ral<,'S. These filaments

unite about 1 mm. periphenid of their superficial origin into six or seven

ramuli, which lie ventrad of plexus choroideus lateralis (Fig. 2, PI. Ch.),

and blend in foramen jugulare to form a single flattened nerve trunk, N.

vagus. In the passag'e through the foramen (5 mm. pcriplierad of

its origin, N. vagus is enclosed in common with N. accessorius (XI) in

a sheath formed by a tubular prolongation of the dura mater and the

arachnoid membrane, where it is also joined by N. glosso-pharyngeus

(IX) ; but the sheath of the united NK vagus (X) and accessorius (XI)

may be readily dissected from that of N. glosso-pharyngeus (IX), which lies

ectad and cephalad. Centrad of its foramen of exit—Foramen jugulare,

(Foramen lacerum-posterius, Lacerum foramen posterius)—and 3-4 mm.
peripherad of medulla oblongata, X. vagus presents a ganglionic enlarge-

ment, g-angliou jugulare, ganglion of the root. This ganglion is hemi-

spherical in form, of a grajish color, and measures nearly 2 mm. in diam-

eter ; it has relations with NN. facialis, glosso-pharyngeus, accessorius

and sympathicus (Fig. 5, J).

At G. jugulare, N. vagus is connected by a single twig with the adjacent

petrous ganglion of N. glosso-pharyngeus (IX) the "ganglion of An-
dersch" (Fig. 5, Pe.); by a considerable trunk with N. accessorius (Fig.

6, 10);hj ramus auricularis (Fig. 5, S), with N. facialis (VII), from which

ramus, a slender raniulus penetrates the petrous bone and joins a branch

of N. facialis; a portion of the ramus continues across N. facialis to the

cochlea (Fig. 5, 5), a filament from the auricular branch connects with a

ganglionic plexus of N. sympathicus, entad of the gangliform plexus of

N. vagus.

Plexu.s gaiigllfonnls. The 5 mm. of N. vagus immediately caudad

of G. jugulare is involved in a somewhat intricate net-work, which seems

to be allied to plexns gangliformis (Fig. 6., Px. gang.); the apposed trunks

of NN. glosso-pharyngeus (IX), vagus (X), accessorius (XI) and hypo-

glossus (XII), are embraced by interlacing filaments of N. sympathicus,

with which nerve they sustain more or less intimate relations, through

anastomotic filaments; N. glosso-pharyngeus is ectal in this group, and,

together with its root-ganglion—G. Ehrenritteri, which lies upon the ectal

surface of G. jugulare, but which does not seem to sustain anatomical re-

lations with it—may be dissected from the ental trunk; NIST. vagus and

accessorius are most intimately related—their separation involving the

rupture of interlacing fibre—and apparently constitute a single trunk;

entad of this united trunk is N. hypoglossus. At the caudal border of this

plexus N. accessorius is directed dorsad to be distributed to the muscles of

the neck, and N. hypoglossus assumes ectal relations, crossing the ectal

surface of N. vagus nearly at right angles, and takes its course ventrad, to

the muscles of the tongue. As N. hypoglossus crosses N. vagus, it de-

taches a filament to G. inferius (Fig. 5, IS). This region marks the origins

of two other rami with whose terminal filaments N. vagus sustains inti-

mate relations, NN. thyro-hyoideus and descendens noni.





1881.] ^'^* [Stowell.

15 mm. caiidad ol G. jugalare and dorsad of the origin of A. carotidea

interna, N. vagus receives a second ganglionic enlargement, ganglion
inferius, ganglion of the trunk (Fig. 5, 1.), This ganglion has a fusi-

form outline 5-8 mm. in caudo-cephalic diameter and 2 mm. in dorso-

ventral; it is of a pinkish color; is located ectad of (superficial to) and

dorso-caudad of the closely-apposed superior cervical ganglion ofN. sympa-

thicus, to whicli it is very intimately related through anastomotic filaments;

its cephalic extremity is apposed to the middle of the superior cervical

ganglion. G. inferius does not embrace or involve the main trunk of N.

accessorius; it is however joined at its dorso-cephalic border by a large

ramus given off from N. accessorius just peripherad of Px. gangliformis

(Fig. 5, 14); it is the superficial origin of a large ramus of N. vagus, viz.,

N. laryngeus superior; it communicates with N. glosso-pharyngeus (IX)

(Fig. 5, 17), N. accessorius (XI) (Fig. 5, I4), N. hypoglossus (XII) (Fig.

5, 13), with the spinal nerves NN. vertebrales, in the loop wliich connects

the first and second cervical nerves, and with N. sympathicus (entad of

Px. gangliformis).

In the cervical region N. vagus continues caudad from G. inferius asso-

ciated with N. sympathicus in the sheath of A. carotidea primitiva. In

the cephalic 20 mm. the trunk lies dorso-laterad of A. carotidea externa

and A. carotidea primitiva, being concealed within the arterial sheath bj-

the artery and by V. jugularis interna. As the nerve approaches A. oc-

cipitalis (?)* it lies laterad of A. carotidea primitiva and crosses the venter

of A. occipitalis (?) at its origin; it resumes its dorso-lateral relation 5-8

mm. caudad of A. occipitalis (?) until it enters the thorax. The trunk of

N. vagus in its cervical region caudad of G. inferius gives off several ramuli

which anastomose with ramuli of N. sympathicus to constitute a more or less

dense plexus around the trachea and oesophagus; this is especially marked

in the caudal portion of the cervical region. The distinctive courses of the

sinistral and the dextral nerves in the thorax require separate descriptions.

The principal rami of the cervical portion ofN. vagus are Rm.
auricularis, N. jihai-yngeus, and N. laryngeus superior.

Hni. auricularis, is a large anastomotic branch and has its superficial

origin in the dorso-ental border of G. jugulare; its course is curved dorso-

laterad and cephalad, and it enters the periotic bone, follows a groove along

the dorso-caudal border of the tympanic bulla, traverses the petrous por-

tion of the bone and enters aqueductus Fallopii at a jioint 2 mm. centrad

of the origin of chorda tympani; a portion of Rm. auricularis continues to

the opening where it meets the dorsal branch of N. facialis, to be distributed

to the ear. A considerable fasciculus crosses N. facialis and may be traced

to the cochlea (Fig. 5, 5). 2 mm. peripherad of its origin Rm. auricularis

receives a considerable twig from N. glosso-pharyngeus (IX), and about

* This artery, 25 mm. caudad ot foramen of exit anfl dorsad, or l-.S mm. dorso-

cephalad of A. thyreoidea superior, seems to be allied to A. princeps cervicis.

There are some objections to this homology, but the measurements given in the

text identify it beyond question.
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tlie sumedisliiiioe, still periiJluTad, an anastoinolic filament froniN. synipa-

thicus (Fig. 5, 6);

N. pliaryiijfoiis, tlu,' pharyngeal branch, takes its superficial origin

from the vonlro-ental surlUce of N. vagus just cuuiUul of the united trunks

of XX. vagus and accessorius, 7 mm. caudad of G.jugulare and entad

of the point where N. hypoglossus (XII) lies ectad of X. vagus ; its origin

is, therefore, involved in Px. gangliformis. A considerable accession is

traceable through the ple.\us to the accessory branch of N. accessorius.

Its course is veutrad, parallel with N. glosso-pharyngeus (IX), and only

2-3 mm. caudad of that nerve ; it lies ectad of A. carotidea interna, and

entad of V. jugularis interna and A. carotidea externa
;
just peripherad of

its origin it gives a twig caudad to the trunk, wliich may be traced to G.

inferius (Fig. 5, S-i). Opposite A. carotidea interna it divides into two

rami (Fig. 5, 22, a, b), from which filaments are given to A. carotidea

interna and <to the adjacent V. jugularis interna. From the cephalic

ramus anastomotic filaments join X. glos.so-pharyngeus (IX) to form a

plexus, from which filaments are distributed to the cephalic border of

MM. pharyngis constrictor medius, and pharyngis constrictor superior
;

others anastomose with filaments of X. sympathicus and form the pha-

ryngeal plexus (Fig. 5), other filaments join X. hypoglossus (XII) in this

plexus. The caudul rtaniishiis its general course caudad ; 5 mm. peripherad

of its origin, it subdivides into two ramuli, which may be designated, in

view of their distribution, as the pharyngeal (Fig. b-24), and the oesopha-'

geal (Fig. 5, 25) ; the pharyngeal ramnlm is directed meso-dorsad and

forms a loose network with the terminal filaments of the pharyngeal

ramuli of X. glosso-pharyngeus (IX)—Px. pharyugeus. The cesoptJiageal

ramulus gives filaments to MM. pharyngis constrictor medius and pha-

ryngis constrictor inferior. 10-13 mm. caudad of the filaments to the mus-

cles of the pharynx a considerable twig joins the cephalic ramus of N.

larj'ngeus superior and receives an anastomotic filament from the caudal

ramus of the same nerve. The cesophageal ramulus continues along the-

dorsum of the oesophagus caudad as far as the caudal third of the cervical

portion, interlacing in the plexus around that viscus.*

N. laryiig'eiis superior, the superior laryngeal branch, is consider-

ably larger than X. pharyngeus ; it takes its superficial origin from the

ventral border of the middle region of G. inferius ; its course is imme-

diately ventrad—occasionally it is directed caudad apposed to the main

trunk and ectad ot X. sympathicus, 8-10 mm., at which point it. turns

ventrad—and pas.ses entad of A. carotidea prlmitiva, where it bifurcates

into a cephalic, ental, ramus, N. laryngeua internm (Fig. 5, 7, 28) and

a caudal, ectal, ramus, N. laryngenn externuH (Fig. 7, 29).

JV. larynrjeas internus is much larger than X. laryngeus externus ;

it accompanies A. laryngea superior, and with the artery perforates the

hyo-thyroid membrane at the ventro-caudal border of the cephalic cornu

» It sometimes occurs that the caudal ramus iscletaohed caudad ottlie cephalic

ramus of N'. pharyiiitteus ; in this case itconstitutes a second pharyngeal nerve ;

this arrangement does not change its distribution.
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of Ctl. thjToiclea—A. lar^'ngea superior is given off from A. carotidea

externa, just caudacl of the origin of A. carotidea interna ; its course is,

tlierefore, at riglit angles witli A. carotidea externa,

JV. laryngeus externus lies ectad of the larynx ; it sends a pharyn-

geal ramulus cephalad and entad of A. laryngea superior (Fig. 7, 30),

which is distributed to M. constrictor pharyngis inferior, anastomoses with

the ojsophageal ramus of X. pluiryngeus (Fig. 7, 31), gives terminal fila-

ments to Px. pharyngeus and the pharyngeal mucous membrane ; fila-

ments of this ramulus anastomose with X. crico-thyroideus and unite in

plexiform relation with N. sj'mpathicus around A. thyroldea superior ; a

twig of this pharyngeal ramulus detached just dorsad of the hyothyroid

foramen, passes ventro-caudad to terminate in M. crico-thyroideus. This

ramus sends a laryngeal ramulus ventro-caudad which lies entad of M.

sterno-thyroideus, to which a few filaments are distributed, and is apposed

to A. larj'ngea inferior, which artery it accompanies to the cricoid

membrane as far as the ventrimeson (Fig. 7, 32) ; from this ramulus fila-

ments are given to M. crico-thyroideus. A caudal ramulus is also de-

tached whose course is dorsad of M. sterno-thyroideus and parallel with

its dorsal border to Cp. thyroideum (Fig. 7, 33) ; it gives filaments to M.

crico-thjToideus and anastomotic filaments to N. descendens noui, which

it joins opposite the origin of A. thyroidea superior.

N. laryngeus internus enters the hyo-thyroid foramen and divides into

a cephalic and a caudal otfset: the uphalie offset (Fig. 7, 34) accom-

panies the ental portion of A. laryngea superior, pierces M. thyro-arytoe-

noideus to which numerous filaments are distributed, takes its cephalic

course obliquely toward the ventrimeson and perforates the thyro-hyoid

membrane 2 mm. laterad of the meson. Terminal filaments of this otiset

supply the epiglottis (Fig. 7, 36), the arytseno-epiglottidean folds (Id. 37),

the laryngeal glands (Id. 35), and the mucous membrane of the larynx

(Id. .?-5, a). A twig given from the cephalic oflTset, 3 mm. peripherad of

the foramen, passes entad of the apposed artery (A. laryngea superior

entalis) and joins the caudal offset 2 mm. cephalad of the caudal border of

Ctl. thyroidea (Fig. 7 and 8, 39).

The caudal offset lies closely apposed to the ental surface of Ctl.

thyroidea (Fig. 7 and 8, 3S); its first twig is sent dorso-caudad and termi-

nates upon M. crico-arytsenoideus lateralis, M. arytsenoideus and M. con-

strictor pharyngis inferior (Fig. 8, AO); anastomotic filaments join in plex-

iform relation with its dextral homologue and with the pharyngeal and

oesophageal plexuses. The principal portion of the caudal offset at its union

with the twig from the cephalic ofiset gives off" radiating filaments upon

the ectal surface of the arytaenoid muscles which constitute a multiple

palmate plexus (Fig. 8, 41-); a twig passes dorsad of the articular facet of

Ctl. cricoidea and joins X. laryngeus inferior (Fig. 8. 42). Near the union

of the twig and the offset, entad of cephalic border of Ctl. cricoidea several

filaments penetrate M. crico-arytajnoideus and are distributed upon the

mucous membrane of the larynx.
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Thoracic division of ]S". vagus sinister: The main trunk of N.

vagus sinister enters the thorax dorsad of V. innominata sinistra at the

union of V. subclavia and V. jugularis externa, meso-dorsad of V. verte-

bralis and kiterad of A. carotidea primitiva sinistra. In the thorax cephalad

of the arch of A. aorta the nerve lies between AA. carotidea and subchivia

mesodorsad of A. sternalis until it reaches a point 10-15 mm. cephalad of

A. aorta, at which point it rests upon the ventral surface of A. subclavia

and crosses the arch ventro-laterad of the origin of A. subclavia. Opposite

the origin of A. sternalis the nerve is crossed by N. phrenicus and lies

dorso-laterad of this nerve in the area between the two arteries aforenamed.

As N. vagus enters the thorax, two fasciculi from the middle and caudal

areas respectively of the middle cervical ganglion of N. sympathicus, G.

thyreoideum, connect N. vagus with N. sympathicus; these commissural

fasciculi are about 3 mm. apart. Between a point opposite A. sternalis

and the arch of A. aorta the trunk of N. vagus sustains intimate relations

with N. sympathicus, N. cardiacus magnus and N. cardiacus minor

through numerous anastomotic tilaments which constitvite aplexiform net-

work around the arteries, trachea and oesophagus in this region of the

thorax—AA. subclavise, carotidese primitivse and innominata. Opposite

the caudal border of the arch of A. aorta a considerable fasciculus from

the main trunk about 5 mm. in length joins N. laryngeus inferior. 7 mm.
peripherad of this fasciculus, where N. largyneus inferior bends around

the arch of A. aorta, a raraulus is given off whose interlacings with rami

from NN^. vagus and sympathicus constitute a plexiform network which

is related with the cardiac plexus. In its course caudad of arch of A.

aorta, N. vagus passes dorsad of the root of the left lung.

Pulmonary Rami : Between a point opposite the cephalic border of

A. pulmonaris and 15 mm. caudad, N. vagus gives several ramuli meso-

ventrad to anastomose with terminal filaments of N. cardiacus minor and

N. laryngeus inferior in the formotion of the ectal (superficial) cardiac

and the ventral (anterior) pulmonary plexuses. From the same region of

the main trunk filaments are directed meso-dorsad, which interlace in a

dense network with filaments of offsets detached from the main trunk of

the area above named, and with terminal filaments of N. cardiacus u\inor,

and other filaments from N. sympathicus to form on the ventral aspect of

the trachea juyt cephalad of its bifurcation, a large plexus, the ental car-

diac

—

Px. profundus magnus—from which filaments ramify upon the

bronchi and have intimate relations with the plexiform network which is

formed by filaments from the oflfsets named and accessory offsets from

thoracic ganglia of N. sympathicus around the bronchi,—dorsal pulmonary

plexus. Offsets from this plexus may be traced along the air tubes into

the substance of the several lobes and upon the broncho-pulmonary mu-

cous membrane of the sinistral lung. The ramuli which form the dorsal

pulmonary plexus are noticeably larger than those given to the ventral

plexus.

CEsopliag'cal Rami : Cephalad and caudad of the pulmonary rami

PROC. AMER. PHILOS. SOC. XX. 111. Q. PRINTED MARCH 8, 1882.
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numerous filaments are directed dorsad, by whose anastomoses and union

witii N. symi»atUious is formed the oesophageal plexus which embraces the

entire length of the thoracic u^sophagus. Caudad of the raniuli given to

the pulmonary plexus, 15-20 mm. caudad of the caudal harder of the

arch of A. aorta, N. vagus sinister divides into sinistral or lateral and dex-

tral or mesal rami (Fig. 9, 46) which lie respectively upon the sinistral

dorsum and venter of the adjacent oesophagus. The lateral ramus trends

dorso-caudad, and 50-60 mm. peripherad of its origin it unites with the

lateral ramus of N. vagus dexter in a median line upon the dorsum of the

oesophagus, to constitute a single dorsal trunk for about 25 mm. (Fig. 9,

47). Numerous anastomotic filaments from the two rami of N. vagus

sinister and the rami of N. vagus dexter interlace in the esophageal ple.^us

from which filan\ents are given to the muscular tissue and mucous mem-
brane of the oesophagus. The united dorsal trunk perforates the dia-

phragm and enters the abdomen as the gastric nerve.

The mesal ramus of N. vagus sinister trends ventro-caudad, and 20-25

mm. peripherad of its origin is joined by its dextral homologue (Fig. 9,

4S), and these two mesal rami constitute a united ventral trunk which lies

in the caudal mediastinum upon the venter of the oesophagus and perfo-

rating the diaphragm near the meson, lies on the venter of the cardia (Fig.

i.?). A slight twig connects the two mesal rami 2 mm. peripherad of

their origins. From the thoracic portion of the ventral trunk anastomotic

filaments are given to its homologue in the formation of the oesophageal

plexus.

The thoracic portion of N. vagus dexter lies ventrad of A. sub-

clavia and mesad of A. sternalis; at the caudal border of A. subclavia it

bends slightly dorsad to pass, mesad of V. vertebral is at its junction with

Y. innomir.ala, it continues laterad of the trachea, entad of V. azygos and
dorsad of the root of the right lung. As the main trunk enters the thorax

it sustains intimate relations through anastomotic twigs wnth N. cardiacus

magnus, N". cardiacus minor and the inferior cervical ganglion of N.-

sympathicus (Fig. 10). 15 mm. caudad of A. subclavia a considerable

ranius is directed meso-caudad and accompanies a large ramus detached

entad of V. azygos ; these cardiac rami pass meso-veutrad around the base

of the right pulmonary artery and to the right auricle (Px. cardiacus ectalis).

Three or four ramuli are given of! between A. subclavia and V. azygos

v/hose ramifications interlace the plexus of the trachea and oesophagus.

From the 12-14 mm. of the trunk dorsad of the lung, numerous filaments

are directed mesad and ventrad to join the pulmonary plexus (Fig. 9).

Caudad of this point and opposite the bifurcation of its sinistral homologue
the dextral nerve bifurcates into lateral and mesal rami (Fig. 9, 40); cau-

dad of the bifurcation the lateral ramus trends dorso-caudad until it joins

its sinistral homologue already described. The mesal ramus gives re-

current ramuli cephalad to the dextral border of the pulmonary plexus.

Several other anastomotic filaments are detached from the ramus between
the root of the lung and the union with its fellow which terminate in the

oesophageal plexus (Fig. 9).
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NN. laryng-ei infcriores, recurrent or inferior branches of N.

'

vagus, tracheal recurrents, have the following general characters in com-

mon, viz.: their general cephalic direction; their clispo.sition along the

dorso-lateral border of the trachea; the anastomotic character of their

ramuli ; the distribution of the terminal filaments; the sensory function of

the tibre. Distlnrtice characters: their origin; their length; their disposi-

tion in the thorax; the relative number of anastomotic filaments; the num-
ber of tracheo-a?sophageal ramuli.

Special description : iV". laryngeus inferior sinister, the sinistral re-

current nerve, branches from the mesal aspect of the main trunk of N.

vagus, 1-3 mm. cephalad of the arch of A. aorta (Fig. 9, 45); * its course

is caudad, apposed to the mesal side of the main trunk as far as the root

of A. subclavia sinistra where the main trunk crosses the arch of A. aorta.

Upon the ventral aspect of the arch of A. aorta, N. laryngeus inferior sep-

arates from the main trunk upon the mesal side, and twisting around the

concave aspect of the arch about 1 mm. sinistrad of the obliterated

"ductus arteriosus," it trends meso-dorsad, and returns cephalad along

the dorsolateral border of the trachea, between the trachea and the oeso-

phagus, as a "recurrent nerve" (Fig. 9, 50). At the caudal border of the

larynx N. laryngeus detaches several ectal filaments to M. crico-thyroideus

(Fig. 8), passes entad of a caudal twig of A. thyroidea superior, bends

dorsad around the articular facet ofCtl. cricoidea (Fig. 8) and enters the

larynx as an ental nerve. A slender anastomotic twig passes ectad of tlie

arterial twig named and may be traced dorsad of the nerve trunk until it

joins a corresponding twig from the caudal divisicm of N. laryngeus su-

perior (Fig. 7, 29, a). Pharyngeal ramuli from the ental nerve are dis-

tributed to M. constrictor pharyngis inferior; other dorsal filaments supply

M. arytajnoideus posterior and M. aryta^noideus; ventral filaments supply

MM. crico arytfenoideus lateralis and thyro-aryt?enoideus, while terminal

filaments reach the sub-glottic mucous membrane. Upon the ectal surfaces

«f MM. crico-arytjenoideus posterior and crico-aryttenoideus lateralis a

multiple palmate plexus is formed by anastomotic filaments of NN.
laryngeus superior and laryngeus inferior (Fig. 8, 4.I).

N. laryngeios inferior dexter is detached from the main trunk of

N. vagus, 13 mm. cephalad of the origin of A. subclavia, where the main

trunk is disposed upon the ventral aspect of A. subclavia (Fig. 10) ; N.

laryngeus dexter is immediately directed caudad over the venter of the

ai-tery, is reflected around the caudal aspect, and assumes a meso-dorsal

direction to the dextral side of the trachea, and is disposed like its sinistral

homologue, with the exception of having fewer anastomotic filaments.

Peripherad of the origin of N. laryngeus inferior dexter, dorsad of A. sub-

clavia, ramuli are given to the deep cardiac and the posterior pulmonary

plexuses; another ramulus cephalad joins its sinistral fellow, a third, the

thoracic cardiac, is directed caudad by the side of the main trunk of N.

vagus dexter, and terminates in the dextral bronchial plexus. As N.

* An occasional origin is 8-10 mm. csphalad of ceplialic border ot arcli of A.

aorta.
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laryngeus inferior dexter bends around A. subclavia, just dorsad of A.

sternalis, a brancli is given ofl'caudad, wliich, 10-12 mm. from its origin,

joins N. cardiacus minor (Fig. 10), and these appo.sed trunks are joined 5

mm. peripberad by N. cardiacus magnus dexter, and ^tlie trunk thus con-

stituted passes dorsad of V. cava descendens and A. innominata to tbe

dorso-caudal border of tbe arch of A. aorta, where it terminates in Px. mag-

nus profundus, from which filaments proceed to the ventral and dorsal

coronary and the pulmonary plexuses.

Ti'acheo-(esophageal rainuli of N. laryngeus inferior (Fig. 11, 12).

General characters : these ramuli of tbe sini-stral and dextral nerves

have in common the following characters—their origin; general direction;

numerous terminal filaments; the plexiform relation of these filaments;

their mode of entering larynx; their distribution upon its mucous mem-
brane; distribution of the dorsal filaments to oesophagus. Distinctice

characters : the smaller number of ramuli from the dextral side than from

the sinisti'al; the homologue of tbe first sinistral nerve is always found as

a ramulus from the main trunk caudad of the origin of N. laryngeus in-

ferior dexter (Fig. 12); the terminal filaments of the dextral side are less

numerous than those of the corresponding nerves of the sinistral side.*

Special description : opposite the cephalic border of tbe arch of A. aorta

the first tracheal ramulus is detached (Fig. 11, l^rm.); a considerable offset

is directed caudad from the origin to Px. magnus profundus; 2 mm.
peripberad of origin an anastomotic filament joins X. vagus 8 mm. caudad

of origin of N. laryngeus inferior; 6 mm. periphei-ad of origin the ramulus

bifurcates, the longer division is distributed upon the dorsum of the

trachea 30 mm. cephalad of the arch of A. aorta; the shorter or caudal

division sends filaments to Px. cardiacus ventralis, to Px. magnus profundus

and to the broncbioli.

Five mm. cephalad of the first ramulus a second is given to the venter and

the sides of the trachea over that portion corresponding to the distribution

of tbe cephalic division of the first ramus upon the dorsum.

Ten mm. cephalad of the second ramulus and nearly opposite the origin

of A. sternalis, the longest ramulus is detached ; this divides into three

offsets, the caudal is distributed to the venter of the oesophagus, the

median to tbe sides of the trachea, the cephalic lies just laterad of the

Yentrimeson and gives two considerable fasciculi, whose terminal filaments

supply tbe walls of the trachea ; the terminal filaments of the ramulus

are traceable nearly to Ctl. cricoidea.

Opposite tbe sixth cervical vertebra the fourth ramulus is detached,

whose filaments anastomose with the preceding ramulus, and supply the

dorsum of the trachea and venter of adjacent oesophagus along the entire

cervical region from the thorax to the larj-nx.

The fifth tracheal ramulus takes its origin 10mm. caudad of Ctl. cricoidea

* The double ramuli sometimes occur with separate origins; this apparent
increase of ramuli may be regarded as a modification and not a violation of the

plan. In the special description the details ofmeasurements of a single speci-

men are given.
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(Fig. 8 and 11, 5-). This ramulus is largely if not exclusively a^so-

phagcal and joins in Px. pharyngeus ; the caudal or recurrent portion is

reflected caudad upon the a?sophagus.

Gastric nerves : Caudad of the diaphragm the dorsal gastric
nerve splits into several terminal ramuli, the longest of which terminates

in ganglion semi-lunare of the great solar plexus, Px. Solaris; near the

cardia numerous tilaments are distributed to the cardia ; offsets supply the

lesser curvature of the stomach, the plexus around A. coronaria ventriculi,

and the dorsal surface of the stomach ; ramuli maj^ be traced to the plexus

around A. hepatica (Px. hepaticus), A. splenica (Px. splenicus), A. mesen-

terica superior (Px. mesameicus). At the cardia, terminal filaments of the

TCiitral trunk are distributed to the lesser curvature of the stomach, a

few join terminal filaments of the dorsal trunk (Fig. 13), and others still

maybe traced to the great solar plexus, from which ramuli enter the

gastro-hepatic omentum and join the hepatic plexus. This anastomosis of

the dorsal and ventral trunks iji the solar plexus constitutes the "memor-
able loop of Wrisberg.

"

SU3I3IAKY.
A. Anatomical. 1. Origin—12-14 filaments along a line ventro-

laterad of Cp. restiforme, and by 4r-6 filaments ventrad of oliva.

2. Foramen of exit—foramen lacerum posterius.

3. Ganglia—G. jugalare, in the proximal end of foramen of exit

—

G. inferlus, 15mm. peripherad.

4. Relations of ganglia—G. jugularc, with XN". facialis (VII),

glosso-pharj'ngeus (IX), accessorius (XI), sj^mpathicus ; G. inferius, with

NN. glosso-pharyngeus (IX), accessorius (XI), hypoglossus (XII),

pharyngeus, larj'ngeus superior, sympathicus.

5. Px. gaugliformis— the 5 mm. of trunk peripherad of G. jugu-

lare ; it is formed by accessory portion of N. accessorius, anastomotic

filaments between NX. vagus and accessorius, filaments to X. pharyngeus,

and X. sympathicus.

6. Principal rami—respective origins and general distribution : Rm.
auricalaris, G. jugulare to X. facialis ; X. pharyngeus, Px. gangli-

formis to Px. pharyngeus and oesophagiBus ; X. laryngeus superior, G.

inferius to larynx ; X. laryngeus inferior,. X. vagus near arch of A. aorta

to trachea and oesophagus ; Rra. cardiaci, trunk of X. vagus proximad
of base of heart to Px. cardiaci; lira, pulmonares, trunk of X. vagus
proximad of root of lungs to Px. pulmonares ; anastomotic filaments to

X. sympnthicus.

7. Bifurcation—dorso-laterad from roots of lungs into lateral and
mesal rami.

8. Formation of nerve trunks—dorsal trunk by union of lateral

rami = dorsal gastric nerve (X. gastricus dorsalis)—ventral trunk by
union of mesal rami = ventral gastric nerve (X. gastricus ventralis).

9. Termination—ganglia serai-lunaria of Px. Solaris in loop of

Wrisberg.
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B. Pliysiological—sensibility of mucous mem1)rane of pharynx,

larynx, tracliea, bronclii, broncliioli—motion of pharynx, larynx ; reflex

movements of broncho-pulmonary passages, u-sophagus and stomach

—

action upon secretions, e. g.,- gastric juice, biliary products, etc.*—indirect

influence upon phenomena of respiration and of "inhibition."

Explanation of the Numbers and Abbreviations used in the
Figures.

A. bas., A. basilaris ; A. cb., A. cerebralis posterior ; A. cbl., A. cere-

bellosa inferior ; A. ver., Arteria vertebralis ; Ar. el., area elliptica (possibly

related to olivary body) ; ?, elongated, pyriform area lateral from Ar. el.,

whose homolog}^ is not determined; Cb., cerebrum; Cbl., cerebellum;

Ch., chiasma ; dpy., dorsipyramis (posterior pyramid) ; Ehr., G. Ehren-

ritteri ; hph., hypophysis ; I., G. inferius ; J., G. jugalare ; mtc, meta-

coelia (fourth ventricle) ; O., oliva, corpus olivarium (?) ; olf., lobus

olfactorius ; opt., N. opticus ; Pe., G. petrosum ; Px.ch., plexus choroideus

lateralis ; Px. phar., plexus pharyngeus ; Pn., Pons Varolii ; Rf., corpus

restiforme; Vpy., ventripyramis (anterior pyramid) ; II., N. opticus; III.,

N. motor oculi ; V., NN. trigemini ; VI., N. abducens ; VII., N. faci-

alis ; VIII., N". auditorius, Portio mollis ; IX., N. glosso-pharyngeus
;

X., N. vagus ; XL, N. accessorius ; XII., N. hypoglossus ; 1, accessory

filament from N. glosso pharyngeus ; 2, Rm. auricularis ; 3, anastomotic

twig from J. to Pe. ; 4, filament from origin line of IX. to 3 ; 5, ramulus

from 3 to cochlea ; 6, anastomotic twig to N. sympathicus ; 7, chorda

tympani ; 8, anastomotic twig from Pe. to X. ; 10, Rm. accessorius from

XI. ; 11, second accession from XI. ; 13, anastomotic filaments between

X. and XI. ; 13, filament from XII. to t. ; 14, Rm. from XL to I. ; l.j,

superior cervical ganglion of N. sympathicus ; 16, pharyngeal ramus from

IX. at Pe. ; 17, anastomotic filament from 16 to I. ; 18, anastomotic fila-

ment from 16 toPx. phar. ; 19, filament fi"om 16 to N. laryngeus superior

:

20, cephalic ramus of IX. ; 21, caudal ramus of IX. ; 22, jST. pharyngeus :

22 a, cephalic ramus ; 22 b, caudal ramus ; 23, filament from 22 to I. ; 24.

pharyngeal ramus of 22 b ; 25, oesophageal ramus of 22 b ; 26, filament

from 25 to 22 a ; 37, N. laryngeus superior ; 28, cephalic = eutal ramus:

29, caudal = ectal ramus ; a, twig to 50 ; 30, pharyngeal ramus of 29 :

31, filament from 30 to 35 ; 32, Rm. of 39 to Mb. crico-thyroidea ; 33, to

Cp. thyroideum, a, to descendens noni ; 34, cephalic offset of 38 ; 35, fila-

ments to interior of larynx ; 36, to epiglottis ; 37, to arytaeno-epiglottidean

folds ; 38, caudal offset of 38 ; 39, twig from 34 to 38 ; 40, twig from 38 to

M. aryta3noideus, etc. ; 41, palmate plexus ; 43, ramus to 50 ; 43, K. car-

diacus magnus sinister ; 44, N. cardiacus minor ; 45, origin of 50 ; 46.

division of X. vagus sinister ; 47, union of lateral rami ; 48, union of

mesal rami ; 49, division of N. vagus dexter : 50, N. laryngeus inferior.

*The extent to wliich secretions and exci'etions may be referred directly to N.

vagus is questionable.



Stowell.]
^3° (July 15,

Descriptiou of the figures.

Fi<T. 1.—General view of venter of brain ; special reference to venter of

medulla, area post pontilis, showing relations of lines of origin-filaments

of NN. glosso-pharyngeus, vagus, and bypoglossus ; also ectal relations,

ventripyramis (vpy.), area elliptica (ar. el.), and the lateral tract (?).

Fig. 2.—\kw of sinistral surface of brain, special reference to curved

line of origin filaments of X. vagus and to origin line (L) ventrad, and

their relations ; the cephalic filaments of N. acccssorius (XI) arc in the

depression line ventral from Rf, while the caudal filaments have their

origin in the depression line lateral from O.

Fig. 3.—Diagram to show the origin of N. vagus ventro-lateral to Rf ;

also that N. acccssorius (XI) has its cephalic filaments from the same de-

pression line, and its caudal filaments from the depression line ventro-

lateral to O ; N. hypoglossus (XII) is dorso-lateral to ar. el.

Fig. 4.— Dorsal aspect of metenccphalon (medulla) showing origins of

NN. IX, X, XI ; metaccBlia (mtc), dorsipyramis (dpy.), corpus resti-

forme (Rf ), oliva (O), and the lateral tract (?).

Fig. 5.—To show relations of origin-fihiments ; of Rm. auricularis ; of

G. jugulare ; of G. petrosum ; of G. inferius. G. Ehrenritteri is removed

from its normal relation which is ectal to G. jugulare, and is placed

cephalad to expose the parts. N. XII, is reflected dorsad to expose origin

of N. pharyngeus and anastomotic ramus from Pe. The dotted lines

represent NN. hyo-thyroideus and descendens noni. Px. phar. =
pharyngeal plexus.

Fig. 6. is Fig. 5, dissected to show Rm. accessorius given to J., and the

second accession to the trunk peripheral to J. ; N. XII, is omitted as are

the anastomotic filaments of Px. gangliformis ; the dotted line shows the

direction of the filaments from N. XI, to N. pharyngeus.

Fig. 7.—N. laryngeus superior ; origin; division ; distribution of ental

or cephalic and ectal or caudal rami ; anastomotic relation between

pharyngeal ramulus of the ectal ramus and the oesophageal ramus of_N.

pharyngeus.

Fig. 8.—N. laryngeus inferior. To show the laryngeal relations of

N. laryngeus inferior ; entad of Ctl. thyroideus ; the palmate plexus ; the

anastomotic filaments of NN. larj'ngeus superior and laryngeus inferior
;

the pharyngeal ramus of N. laryngeus inferior (5°).

Fig. 9.—N. laryngeus inferior sinister. To show its origin ; relations

with A. aorta and adjacent plexus ;- relations of N. vagus with N.

sympathicus ; division of N. vagus dorso-caudad of root of lungs ; the

relations of the lateral and the mesal rami ; the dorsal and the ventral
pulmonary plexus ; the formation and the relations of the dorsal and the
ventral nerve trunks.

Fig. 10.—N. lar\'ngeus inferior dexter. To show its origin ; its relations
with A. subciavia ; relations of N. vagus witli N. sjunpathicus.

Fig. 11 and 12.—Tracheo-cEsophageal ramuli of N. lar)-ngeus inferior
sinister and dexter respectively.

Fig 13.—Distribution and relations of the ventral gastric nerve and the
ramus which terminates in the dextral G. semilunare of Px. Solaris.
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Contributions to the History of the Vertebrata of the Lower Eocene of

Wyoming and New Mexico, made during ISSl. By E. D. Cope.

{Read before the American Philosophical Society, Dec. 16, 1881.)

I. The Fauna of the Wasatch Beds of the Basin op the Big

Horn River.

The basin of the Big Horn river contains the most northern area of the

deposits of the "Wasatch or Suessonian epoch known. In order to ascer-

tain whether the fauna it contains differs in any way from that I discov-

ered in the corresponding beds Of New Mexico in 1874, I sent, during the

past season, an expedition, under the direction of J. L. Wortman, already

known from his successful exploration of the Wind River basin in 1880

.

The present paper gives a review of the results of the season's work, pre-

faced by an account of the geology furnished by Mr. Wortman. The

species herein described are being engraved for the fourth volume of Dr.

Hayden's report of the United States Geological Survey of the Territories,

now passing through the press.

1. The Geology of the Big-Horn Basin, by Jacob L. Wortman.

As early as 1859 Dr. Hayden described in detail the Tertiaiy sediment

occupying the upper drainage basin of the Big-Horn river, which he deter-

mined as belonging to the lower Eocene formation, and applied the name

Wind River group, from its being exposed along the Wind river, a name

given to the upper portion of the Big-Horn. From an extensive collec-

tion of vertebrate fossils made by the writer at this horizon, during the

summer of last year, Prof. E. D. Cope, for whom the collection was made,

has, in a bulletin, U. S. Geol. Surv. Terrs., F. V. Hayden, Vol. vi. No.

1, 1881, confirmed this determination, and discussed at length the faunal

relations they bear both to the Bridger and Wasatch beds respectively.

The conclusions reached are, that this series is intermediate to a certain

degree, containing genera hitherto regarded as peculiar to each. This

upper basin covers quite an extensive area, and is bounded upon every

side by lofty mountains. The Owl Creek mountains, which afforded a

barrier to the waters of this Eocene lake on the north, has subsequently

been cleft by the Big-Horn, leaving a deep and rough canon, through

which it now flows in its course north to the Yellowstone. After passing

the Owl Creek mountains it emerges into a second or lower basin, com-

monly called the Big-Horn basin proper. This one covers a much larger

area than the upper, and like it is walled in by mountain ranges,

and filled with a mass of sedimentary rock which is also referable to the

lower Eocene series.

During the summer of the present year the writer has been engaged in

further exploration of this interesting region, which resulted in the col-

lection of a large number of extinct vertebrates, obtained exclusively from

the lower Eocene horizon of the Big-Horn, and which have all been sub-

PROC. AMER. PHILOS. SOC. XX. 111. R. PRINTED MARCH 11, 1882.
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milted to Prof. Copo. at whose instance the party was organized and

equipped.

Dr. Ilayden has made the observation that upon the eastern slope of the

Wind River mountains all the corresponding strata are visible from the

Silurian to the Cretaceous; this is also true of the northern slope of the

(Jwl Creek mountains, while the southern side docs not exhibit such con-

tinuity of structure. Upon entering the basin from the south, the older

formations are seen to extend towards its centre for a distance of ten miles,

inclining at an angle of 30° to the north, while the level of the Tertiary

lias been little or not at all disturbed since its deposition. That this

basin contained a separate and isolated body of water, limited by its pres-

ent boundaries, which were outlined about the beginning of the Wasatch

epoch, there is every reason to believe. A section made by the Big-IIorn

at the southern extremity shows the Tertiary to rest unconformably upon

a thick mass of buff colored sandstone, rather coarse in texture, somewhat

laminated, and towards the bottom interspersed with thin layers of im-

pure lignite varying from six inches to one foot in thickness. This sand-

stone most probably belongs to the Laramie series, but in the absence of

fossils the determination is by no means satisfactory.

The Eocene sediment covers a large part of the basin, and cannot be

less than 4000 feet in vertical depth. This mass, once continuous over a

large area, has since been carved and weathered into many fantastic and

remarkable forms, presenting at once a bold and striking appearance, a

characteristic feature of the western Tertiary bad lands.

Beginning at the southern limit at a point opposite the mouth of Meyers

creek, on the east side of the river, a series of low bad land bluffs, facing

to the west and gradually becoming higher as they proceed, describe a

gentle curve to the north, terminating at the river's edge 30 miles below.

The character of the country between the river and these bluffs is a barren

sage brush plain, while back of the bluffs a high mesa occupies the coun-

try for many miles. On the west side, numerous rivers, creeks, and their

tributaries, putting down from the Sierra Sho.shone range, have excavated

the mass in every direction, leaving bold escarpments, high bad land buttes,

elevated tables, with innumerable gulches and ravines. Country of this

character stretches far away to the northern limit, near^the Big Horn gap,

presenting that desolate and sombre appearance, so often met with in bad

land regions.

Its composition may be described as consisting of various colored clays

alternating with layers of brown and blue sandstone, although that even-

ness of stratification by which a single layer of either, in one part, could

be identified in another, does not exist. Those exposures, for example, on

the east side of the Big-Horn are highly arenaceous, the clay and sand

existing in almost equal proportions, while in the exposures along the

Grey Bull river, and in the vicinity of Coryphodon butte, the quantity of

sand is greatly diminished, and is found in separate layers. The prepon-

derance of the red clay is a marked feature, and has called forth the
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remark from Dr. Hayden, relative to the sediment of the npper basin,

"that Ihey remind one of the Jura Trias red beds." This remark is. forci-

bly illustrated by the character of the sediment found in the south-western

part of the basin, near the head of Gooseberry creek, where the exposures"

consist largely of thick strata of the red clay, which gradually thin out to

the north and east, blending with the pink, blue, and buff colors. In the

northern part of the basin, and along Stinking river, the sediment consists

almost exclusively of a pale yellow sandstone of a bluish tinge, from wliicli

few fo.ssils were obtained.

The claj^s contain much lime in the form of small limestone nodules of

a rusty brown appearance, in which the fossils are often found, having a

thin and intensely hard layer of ferrous oxide investing them externally.

In the red the fossils are always scarce and fragmentary, and when found

are usually such parts as would, under the most favorable circumstances,

be preserved. The blue seems to be the more productive, and to have

offered better conditions for their preservation ; but, owing to the fact that

lime forms the petrifying base, and being less able to Avithstand the heavy

pressure than many other materials, the fossils from both the red and the

blue are, as a general rule, greatly distorted and crushed. This fragmen-

tary occurrence of fossils in the fine-grained clay, I am inclined to believe,

is due, not to a scattering of the bones by currents, but rather to imperfect

and unfavorable conditions for their preservation. That entire skulls and

skeletons were deposited, where now nothing but the teeth remain, I am
well satisfied from the circumstance that both superior and inferior series

are not unfrequently found in proper position without a trace of ramus or

cranium. In the sandstones, however, the fossils are in a magnificent

state of preservation, but their extreme scarcity in this material gives the

collector many long and fruitless searches. Two skeletons which have

proven of considerable interest were all of any consequence that were

ol)tained from the sandstones.

Tlie general stratigraphical appearance, as well as the scattered and

fragmentary condition of the fossils, together with the community of a

large number of genera, refer it to the Wasatch epoch, but a full discus-

sion of this point belongs properly to the paleontologist. A thorough

elucidation will be found in Prot. Cope's paper on the fossils.

The exploration of this region is most arduous and difficult. The great

scarcity of water in these bad land wastes, makes it very inconvenient,

and renders it necessary to carry a water supply a distance of often 20

miles or more. Even when w^ater does exist it is so strong with alkali as

to be scarcely fit for use. Many of the streams coming down from the

mountains dry up as soon as the snow has melted from the low

foot hills in early spring, leaving large tracts entirely destitute of water,

which frequently abound in fossiliferous exposures, and which it is the

object of the explorer to examine. The broken and mountainous charac-

ter of the country forbids the use of wagons to such an extent that pack

animals are indispensable.
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The accompanying map is intended to il'ustrate the exact position, as

well as the extent of country covered by the Wasatch sediment at this

point. Its topography is taken from a map made by Capt. J. Russell,

Third Cavalry, U. S. A. (and published by the War Department), during

a reconnoissance of that region in the summer of 1880, and to whom, as

well as Dr. W. II. Corbusier, Col. J. W.Mason, and other officers sta-

tioned at Fort Washakie, I wish to express my deep sense of obligation

for their very kind and courteous treatment.

Map ol lilt; Big-Honi lia.-,iii, reauccd liom llie Map of tlie U. S. War Depart-
meiiX.

2. Synopsis of the FauMi.

PISCES.

Clastes sp. ; not abundant.

Pappichthys sp. Vertebrae ; not verj- common.
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REPTILIA.

CROCODiiiUS sp. Allied to the C. ehamensis and C. Jieterodon, but not

represented by sufficiently well preserved specimens to permit of determi-

nation. There are numerous molariform teeth in the posterior parts of

jaws, and the crowns of the longer teeth are grooved. Not uncommon.
Emys sp. Rare ; one specimen of 220 mm. in length, of the type of

E. icyomiiigensis, but not sufficiently well preserved for determination.

As the Eocene forms of this order are of unusual interest, I give an

analysis of the extinct genera of the Cryptodire division of tortoises which
have been found in North America up to the present time.

In the check-list of the North American Batrachia and Reptilia,* I enu-

merated nine families of this division of the Testudinata, three of which
are extinct. Subsequently another extinct family, the Baeaida', was
added. I now define all of these families.

I. Plastron not articulated to the carapace, but presenting to it more or

less open digitations. Dactylosterna.

Phalanges of anterior limb without condyles, and covered by a common
integument ; eight pairs of costal bones CheloniidcB.

Phalanges of anterior limb without condyles ; nine or more costal bones,

PropUuridoe.

Phalanges of anterior limb with condyles ; digits inclosed in distinct in-

teguments ; eight costal bones ; sternal elements united by digitations

and inclosing fontanelles ; caudal vertebrai procoelous. . . Tnonychidm.

Phalanges of anterior limbs with condyles ; digits distinct ; eight costal

bones ; sternal elements united by suture and inclosing no fontanelles ;

caudal vertebrae opisthocoelous 1 Chelydridm.

II. Plastron uniting with the costal bones of the carapace, by denticu-

late suture, and by ascending axillary and inguinal buttresses. (Feet

ambulatory. ) Clidosterna.

A. Intei'sternal bones present.

No intergular scuta PleurosternidcR.\

Intergular scuta ; caudal vertebriE opisthocoelous Bn'enidce.

A A. No intersternal bones.

a. Intergular scuta.

A mesosternal bone AdocidAjB.

aa. No intergular scuta.

A mesosternal bone ; three series of phalanges EmydAdm.
No mesosternal bone ; three series of phalanges Cblasternidm.
A mesosternal bone ; two series of phalanges Testudinidm.

* Bulletin U. S. National Museum, No. 1, 1875. p. 16.

t There are two genera of this family, neither ot them yet found In America
;

PleurosternuinOw., yvith smooth shell, and Helochelys Myer, with sculptured
shell.
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III. Plastron uniting with the uiurgiual bones of the carapace by straight

contact only. (Feet ambulatory. ) Lysosterna.

No intersternal bone nor intergular scutum ; a mesosternal bone and three

series of phalanges Cistudinidm.

The extinct species of the Cryptodira of this continent belong to eight of

the above families. I give diagnoses of the genera to which they are

referred. Names of existing genera are in Roman type.

CHELONIIDiE. '

Postabdominal bones distinct from each other Chelonia Brong.

Postabdominal bones united with each other by suture. .Pappijerus Cope.

PropleuriD/E Cope.*

Transactions of American Philosophical Society, xiv., 1870, p. 235.

Ten costal bones ; first two m irgiuals united with carapace by suture ;

shell smooth, flattened Osicopygis Cope.

Nine costal bones ; first two marginals united to carapace by suiure ; shell

sculptured (a high dorsal keel) Peritresius Cope.

Nine costal bones ; one marginal united with carapace by suture ; second

by costal gomphosis ; shell not keeled nor sculptured : .

.

Proplcura Cope.

?Nine costal bones ; first united with carapace by suture ; second without

costal gomphosis ; shell not sculptured Gatapleura Cope.

?Nine costal bones ; m.irginals all free ; shell not sculptured

Lytoloma Cope.

TUIONYCUID^.

a. Surface of bones smooth.

Postabdominal suture digitate Axestus Cope.

aw. Surface of bones sculptured.

IS. Sutures of plastron digitate.

A dermal flap protecting posterior legs below ; marginal bones

Emyda Gray.

A dermal flap ; no marginal bones Cj'clanosteus Peters.

No derm.il flap nor marginal bones ; muzzle much abbreviated

Chitra Gray.

No dermal flap nor marginal bones ; muzzle elongate. . . .Trionyx Geoftr.

j3i3.
Suture for postabdominal coarsely serrate.

Postabdominal recurved in front Plastomenus Cope.

ClIKIA'DRID/E.

a. Bridges of plastron wide ; ? caudal vertebra).

One row of marginal scuta ; six pairs of scuta of the plastron

Idiocliclys Myr.

* Palwochelys novemcoslcUus GeoIFr., belongs to this family, but not Palaeo-

chelys Myr.



1881.1
'-*^ fCope.

One row of marginal scuta ; scuta of plastron ? not distinct

Hydropelta * Myr.
aa. Bridges of plastron very narrow.

/3, Carapace smooth, not sculptured.

Two rows of marginal scuta ; five pairs of scuta of the plastron

Macrochelys Gray.

One row of marginals ; five pairs on plastron Chelydra Schw

.

One row of marginals ; four pairs of scuta on plastron Claudius Cope.

Pl3.
Carapace sculptured.

One row of marginal scuta Anostira Leidy.

BaENIDvE.

Cope, Annual Report U. S. Geol. Surv. Terrs., 1872 (1873), p. 621.

Supramarginal scuta (Riitimeyer) ; no interhumerals Platychelys Myr.

No supramarginals nor interhumeral scuta Baena Leidy.

No supramarginals ; interhumeral scuta present Polythorax f Cope.

Adocid^.

Cope, Proceedings American Philosophical Society, 1870, p. 559.

a. Vertebral bones and scuta normal.

One intergular scutum entirely separating the gulars Adocus Cope.

Either two intergulars, or the gulars meeting behind intergular

Amphiemys Cope.

aa. Vertebral bones wedge-shaped, widening upwards ; vertebral

scuta not wider than the bones.
'

Elements of carpace early coossifled Homorhophus Cope.

Emydid^.
ta. No Cental sutures.

Surface sculptured , .-AphoUdemys Pom.

aa. Scuta including intermarginals and two anals.

Lobes of sternum narrow Dermatemys Gray.

Lobes of sternum wide Agomphus Cope.

aaa. Scuta ; two anals, no intermarginals.

Surfaces of carapace sculptured
;
plastron fixed Compsemys Leidy,

Surfaces of carapace smooth
;
plastron fixed ; recent Einydldm and the

genus , Emys Brong.

J

Posterior lobe of plastron movable ; surface smooth. .. .Ptychogaster Pom.
Anterior and posterior lobes of plastron movable ; surface smooth

DUhyrosterniim Pict. et Humb.

aaaa. Scuta ; one anal, no intermarginals.

Carapace smooth Stylemys Leidy.

* Eurysternxim Wagn. {Palceomedusa et Acichelys Myr. (fide RUtiineyer) is

nearly allied to Hydropelta.)

t Possibly one of tlie Adocidce; see Proceed. Acad. Pliila., Oct., 1876.

X Gray has distinguislied several good genera among existing species on
cranial characters.
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TESTUDINIDiE.
a. Two anal scuta.

Ten abdominal scuta Hadrianus Cope.

aa. One anal scutum.

Lower jaw with two cutting edges Xerobates Agass.

Lower jaw with one cutting edge Testudo Linn.

RODENTIA.

Plesiarctomys buccatcs Cope.

Two mandibular rami.

Plesiakctomys delicatior Leidy.

Mandibles of six individuals, some of them accompanied by bones of

the skeleton.

BUNOTIIERIA.

T^NIODONTA.

Additional material gives the following results with regard to the

affinities of this sub-order. There are three allied groups represented by

the genera Esthonyx, Tillotherium and Calamodon of the American Eo-

cenes, which are equally unlike each other. Esthonyx, as I long since

showed, is related to the existing Erinaceus ; very nearlj'- indeed, if the

dentition alone is considered. Its anterior incisor teeth are unusually

developed, and have, as in Erinaceus, long roots. One pair at least in the

lower jaw has enamel on the external face only, and enjoys a considerable

period of growth. The genus Tillotherium is (fide Marsh) quite near to

Esthonyx. Its molars and premolars are identical in character w^ith those

of that genus, the only important difference being found in the incisors.

Here, one pair above, and one pair below, are faced with enamel in front

only, and grow from persistent pulps as in the Rodentia. This character

has been included by Marsh in those he ascribes to hie "order" of Tillo-

dordia, but as he includes Esthonyx in that order,* which does not possess

the character, it is not very clear on what the supposed order reposes. The
rodent character of the incisors is the only one that I know of which dis-

tinguishes Tillotherium from the Inesctitora. I have on this account

retained the Tillodonta as a sub-order, and referred Esthonyx to the Insecti-

vora.

The Tceniodonta agree with the Tillodonta in the possession of a pair of

inferior inci-sors of rodent character, but it adds several remarkable pecu-

liarities. Chief among these is the character of the inferior canines. In

the Tillodonta they are either wanting, as in Erinaceus, according to the

Cuvierian diagnosis, or they are insignificant. In Calamodon they are of

large size, and though not as long-rooted as the second incisors, grow from

presistent pulps. They have two enamel faces, the anterior and the

posterior, the former like the corresponding face of the rodent incisors.

* Report of U. S. G. Survey 40th Parallel, by Clarance King; Vol. 1, p. 377.
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The function of the adult crown is that of a grinding tooth. This charac-

ter distinguishes Calnmodon as a form as different from Tillotherium, as

the hitter is from Esthonyx. There are, however, other characters. The
external incisors, wanting in Tillotherium, are here largely developed, and

though not growing from persistent pulps have but one. an external band-

like enamel face. Their function is also that of grinders.

The fact that the rodent teeth in the lower jaw are the second incisors,

renders it probable that those of the Tillodonta hold the same position in

the jaw. This is to be anticipated from the arrangement in Esthonyx, where

the second inferior incisors are much larger than the first and third. The
superior dentition of the Tceniodonta is yet unknown.

Galamodon siMPiiEx Copc.

Report Vertebrate Foss., New Mexico, U. S. Geog. Surv. W. of 100th

Mer. 1874. p. 5. Report of do. Capt. G. M. Wheeler, iv, ii, p. 166.

A nearly complete mandible of this species was found by Mr. Wortman,
besides a series of unworn molar and canine teeth of a second individual,

and fragments of some others. These furnish the correct dental formula

as far as they go, as follows : I. 3 ; C. 1 ; M. 5. It appears that I correctly

referred the long rodent teeth to the lower incisior series, but that the

truncate two banded teeth so characteristic of the sub-order, are canines

and not incisors, and that they belong to the lower as well as probably to

the upper jaw.

The characters of the incisors are very peculiar. The first are small

with short subcylindric crowns, and conic roots. The second incisors

have been described ; as in C. arcamnenus l\\e\ have a horizontal shoulder

posterior to the base of the cutting portion. The third incisors increase

in diameter upwards, and have a triangular section. The largest side

of the triangle is interior, and the shortest the posterior, and neither

possess any enamel. The anterior or enamel faced side is slightly convex.

The grinding face is transverse and is in the plane of the corresponding

face of the canine. The long diameter of the crown of the canine is at

right angles to the anterior face of the third incisor, and diagonal to the

long axis of the mandibular ramus. This, with the peculiarities of the

other incisors, gives an irregular appearance to the anterior dentition.

The five molars are very similar in character, and even those with un-

worn crowns do not present any distinction into premolars and true

molars. The enamel covers the summit of the crown, but on wearing, it

is soon reduced to a cylindrical sheath. Further wear brings the grinding

surface to the anterior and posterior surfaces which are covered with

cementum instead of enamel.

Insectivora.

Esthonyx burmeisteri Cope.

Report Vertebrate Foss., New Mexico, 1874, p. 7. Report U. S. G. G.

Surv. W. of 100th Mer. G. M. Wheeler, iv, ii, p. 156, pi. xi, fig. 26.

PROC. AMER. PHILOS. SOC. XX. 111. S. PRINTED MARCH 11, 1883.
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Two fractureil crania exhibit the entire dentition of this species, and

give the generic characters satisfactorily. The dental formula is, I. § ;

C. I ; P-m. ^; M. -|. The first superior incisor is large, And the crown is

somewhat spoon-shaped.. The second incisor is as robust as the first, but

the crown is shorter. The second premolar has one external and one in-

ternal lobe, in the third (fourth) premolar these lobes are much enlarged,

and the tooth is transverse. The true molars have two external cusps,

which are flattened, close together, and well within the margin of the

base of the crown. There is one internal lobe and a strong posterior

ledge, as in the opossums. Of the inferior incisors, the median is large

and half gliriform, while the first and third are small. The inferior, like

the superior canines, are large. The first and second (third) premolars

have no internal lobes, but the second (third) has a heel. The fourth is

more or less like the first true molar.

The specimens show that my original determinations of the incisors

based on loose teeth were correct. They also show that this genus is not

far removed from the more rodent-like genus Anchippodus cf Leidy.

There are several species of the genus, which 1 define as follows :

I. Fourth inferior premolar like first true molar.

Larger ; third superior premolar larger ; fourth premolar with the external

cusp bilobate E. acutldens.

Medium ; third superior premolar smaller ; fourth premolar with external

cusp simple ; superior incisors wide ; large inferior narrower

E. burmeisteri.

Medium ; superior incisors narrow ; large inferior wider. . ..E. Msulcatus.

II. Fourth inferior premolar with anterior V open and cutting.

Smallest ; incisors unknown E. acer.

A species of tlie size of E. acer has been named E. spatularius, but I

cannot place it in the above key, as the premolar and incisor teeth are un-

known. The section II, approximates nearer the genus Conoryctes than

sect. I.

Mesodonta.

Hyopsodtjs i.emoinianus, sp. nov.

This Mesodont is distinguished from the known species of the genus by
its superior size, and the fully developed heel of the inferior third molar.

The anterior inner cusps of the inferior molars are absolutely simple, and
the same teeth have a weak external and no internal cingulum. The cusps

are elevated and the enamel smooth.

The species of this genus known to me by their mandibles are four, and
these diflfer chiefly in size. Their characters are as follows :

Length of true molars M. .0165 ; last molar elongate H. Umoinianus.

Length of true molars M. .0140 ; last molar longer than second

H. paulus.
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Size as last ; last molar shorter than second H. miticulus.

Length of true molars M. .0115 ; last molar elongate H. vicarius.

H. lemoiiiianus and H. miticulua have not been found oat of the localities

where they were discovered, while the other two species are distributed

through most of the Eocene horizons, and have been found in many
localities. Of the H. lemomianus Mr. Wortman found nine more or less

fragmentary mandibles.

Dedicated to my friend, Dr. Victor Lemoine of Reims, well-known for

his brilliant discoveries in the vertebrate paleontology of the Lower Eo-

cene beds near that city.

Hyopsodus paulus Leidy.

Thirty-eight more or less broken mandibular rami.

Hyopsodus vicauius Cope. .
,

Eleven mandibular rami. A few specimens are intermediate between

this species and the last in dimensions, the inferior true molars measuring

M. .0120 and .0125 in length.

Pantolestes chacensis Cope.

Four mandibular rami. This species has the fourth premolar more

robust and less trenchant than in P. secans, and shorter than the last true

molar. In P. secans it is longer than the last true molar.

Pantolestes metsiacus sp. nov.

A small species of the size of the P. longicaudus, and distinguished by
several peculiarities of dentition. The two cusps composing the anterior

internal lobe of the molars are quite distinct but appressed. Each one is

connected with the external anterior lobe by a transverse crest as is seen

in Esthonyx, and these enclose between them a fossa. This fossa is closed

internally by the appression of the anterior inner cvisps. The fourth pre-

molar is not so large as in P. secans, but resembles in proportions that of

P. chacensis. It differs from that of P. lonqicaudus in its very short heel

and its large anterior basal tubercle. The latter is double, consisting of

two small cusps, one within and anterior to the other. The posterior heel

is distinct on both sides of the ridge that marks the median line. The
posterior external lobe is V-shaped, and the posterior inner is a small cone.

Between the two is a minute median tubercle. The posterior tubercles are

not so elevated as in the species of Hyopsodus. A weak external cingulum
;

enamel smooth.

Measurements. M.

Length P-m. IV, with M. I, and II
;
(No. 1) .0140

" P-m. IV 0048

" M. II 0048
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MedsuremenU. M.

Width M. ir 0040

Len.-rth M. Ill; (No. 2) OOr.O

Width " 00,^0

Depth ramus at P-m. IV ; (No. 1) OOOO

M. Ill; (;No. 2) 0070

Portions of four mandibles preserved. No. 2 is a little smaller than

No. 1, and No. 4 is a little larger than No. 1.

The species of Pantolestes may be distinguished as follows :

a. Fourth premolar trenchant ev^erywhere, longer than second molar.

Length of true molars M. .0150 ; second molar with but one anterior inner

cusp P. secans.

an. Fourth premolar with blunt heel, not longer than second molar.

Length of true molars .0160 ; all with double cusps P. chacensis.

Length of true molars .0140 ; fourth premolar with minute anterior cusp,

and long heel P. Uiujkaudus.

Length of true molars .0130 ; fourth premolar with double anterior cusp,

and short lieel ; molars with double cusps P. metsiacua.

Length of true molars .0105 ; fourth premolar small, .0035, Avithout an-

terior cusps, and with two ridges on heel ; true molars with double an-

terior inner cusps P. nuptm.

Pantolestes nuptus, sp. nov.

This is the last species of the genus, and is represented \>x a portion of a

right mandibular ramus which supports three molars from the fourth to

the sixth inclusive. Besides its small size, this species is distinguished by
tlie relatively small dimensions of the fourth premolar, which is shorter

than the first true molar instead of longer, as in all the other species. The
well developed basin of its heel, which is bounded by a ridge on each side,

distinguishes it at once also from P. secans, and is more distinct than in P.

ciMcensis ; from the latter and P. nietsiacus the entire absence of anterior

basal lobes separates it. The well developed pair of anterior inner tuber-

cles of the true molars shows that it cannot be an abnormal Hyopsoihis vica-

rius, witli which it agrees in size. The first anterior tubercle is more widely

separated from the second anterior than in any of the species of the genus,

and is quite as in species of Pelycodus. It is smaller than the second ante-

rior inner, which equals in size the anterior outer. The heel is wide, en-

closing a basin, which is bounded externally by an angular ridge. Its

posterior inner angle supports a cusp, AVhich is separated bj'^ a deep notch

from the anterior inner cusp. External to it on the posterior border of

the crown is a small tubercle. No basal cingula.

Measurements. M.
Length of three molars 010

.^. „,, . f anteroposterior 004
Diameters of M. 1 '^ „,,„

( transverse OOd

Depth of ramus at P-m. IV 007

Basin of the Big-Horn : J. L. Wortman.
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Pelycodus angulatus Cope.

The species of this genus are, in the present state of our knowledge, best

distinguished by their size.

Length of true molars on base M. .024 ; P. pelvidem*
" " " " M. .019 ; P. jarrovii.

M. .017? P. tutus.

" " " " M. .015 ; p. fn/givorvs.

" " " " M. .012; P. angulatus.

Remains of species of this genus are very common in tlie Wind River

bad lands ; they were originally found in the Wasatch beds of New
Mexico, and have not yet been announced from the Bridger formation.

The P. angulatus, heretofore only known from New ]V[exico, is rep-

resented in the Big-Horn collection by five mandibular rami, and a por-

tion of a maxillary bone with teeth.

Pelycodus frugivorus Cope.

Two mandibles and seven separate rami represent this Mesodont.

PELYCODrs Tuxrs Cope.

Four rami display the typical length of the true molars, M. .017. Three

are smallei", having the molars .016 in length, while one gives .018 for the

same teeth. Other portions of the skeleton will be necessary to deter-

mine exactly the specific position of these specimens.

Prosimi^.

Cynodontomys latidens, gen. et sp. nov.

Char. gen. Derived from mandibular rami. Dental formula I. ? ; C.

1 ; P-m. 2 ; M. 3. The premolars are counted as two, on the supposition

that the anterior one is two-rooted ; should it prove to be one-rooted, then

the number will be three. The canines are very large and close to the

symphysis, so that there do not appear to have been any incisors. Tlie

true molars have the frequently occuring three tubercles in front and a

heel behind ; but the arrangement is peculiar in that the three tubercles

are but little more elevated than the borders of the heel, and occupy a

small part of the crown. The last molar h lost from both jaws, but the

space for it is about as large as that occupied bj^ the penultimate. The

fourth premolar has but two anterior cusps, and these are more elevated

than those of the true molars, and the heel is narrower. The mandibular

rami are not coossified.

The dental characters of this genus resemble considerabl}^ those of

Anaptomorphus and Necrolemur, but the large size of the inferior canine

tooth distinguishes it from both. The double anterior cusps of the fourth

premolar equally distinguish it from them.

Cfuir. Specif. The inferior true molars are subquadrate in horizontal

outline, somewhat narrowed anteriorly. The concave heel is the larger

part of the crown ; it is only elevated into a low cusp at the posterior

external angle. The anterior cusps are conic, and are in contact at llie

* LipodecCes pelvidens Cope, Ainer. Naturalist, Dec, 1881, p. 1019.
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base. Tlic cxfornal and posterior internal are of about the same size
;

the anterior inner is smaller and does not project so far inwards as the

posterior. The fourth premolar has the posterior border of its heel ser-

rate. The anterior cusps are elevated and moderatelj^ acute ; the internal

is a little less elevated than the eMernal, and is separated from it by a

deep notch. The alveoli for the anterior premolar are so close together,

as to render it probable that they belong to but one tooth. They are

placed somewhat obliquely to the long axis of the jaw. There is no

diastema. The section of the base of the crown of the canine is a regular

oval, the long diameter coinciding with the vertical diameter of the

ramus.

The ramus is rather slender, but is shortened anteriorly. The bound-

aries of the masseteric fossa are well marked, the anterior ridge descend-

ing to below the middle line of the ramus. The mental foramen is large

and is situated below the contact of the two premolars. The inferior edge

of the ramus is rather thick.

Measurements. M.
Length of dental series including canine 0240

" premolars 0062
" molars 0114

Long diameter base canine 0086

Diameters P-m. I\
, ^ anteroposterior 0038

) transverse 0026

,, ^^ (anteroposterior 0042

I transverse 0038

Depth of ramus at P-m. 1 0060
" M. Ill 0068

Anaptomorphus homunculus Cope, American Naturalist, 1882, Jan.

(Dec. 30th, 1881), p. 73.

The genus Anaptomorplius was characterized by me in 1872,* from a

mandibular ramus which exhibited the alveoli of all the teeth, three of

them occupied by the teeth ; viz. : the P-m. iv, and the M. i and M. ii.

From the specimen the inferior dental formula was ascertained to be L 2 ;

C. 1 ; P-m. 2 ; M. 3. The Big-Horn collection contains a nearly entire

cranium of what is probably a species of the same genus. From it the

superior dentition, exclusive of the incisors, is determined to be : C. 1 ;

P-m. 2 ; M. 3. The premaxillary bones are mostly broken oflf, but a part

of the alveolus of the external incisor of one side remains.

The indications are that the external incisor was a small tooth, not

exceeding tiie canine in size ; and it was situated close to the latter. The
canine is also small, and its simple crown is not more prominent than those

of the premolars. The latter are separated from it by a very short diastema.

The long diameter of their crowns is transverse to the long axis of the

* Proceedings American Philosophical Society, 1872, p. 53i. Paleontological
Bulletin, No. 8, p. 1, Oct. 12, 1872.
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jaw ; and each one consists of a larger external, and smaller internal cusp.

The true molars are also wider than long, and support two external and
only one internal cusps.

The orhits are large and are entirely enclosed behind. The frontal bone

does not send inwards to the alis])henoid a lamina to separate the orbit

from the temporal fossa, as is seen in Tarsius. There is no sagittal crest,

but the temporal ridges are distinct. The occipital region protrudes beyond

the foramen magnum, or at least beyond the paroccipital process, which is

preserved, the condjies being lost. The otic bulla is large, extending

anteriorly to the glenoid cavity. The pterygoid fossa is large, the external

pterygoid ala being well developed, and extending well upon the extero-

anterior side of the bulla, as in Tarsius. As in that genus, the foramen

ovale is situated on the external side of the bulla, just above the base of

the external pterygoid ala. The carotid foramen, as I suppose it to be, is

situated at the apex of the bulla. The lachrymal foramen is situated

anterior to, and outside of the orbit as in Lcmurkla} generally.

The cast of the anterior part of the left cerebral hemisphere is exposed.

This projects as far anteriorly as the middle of the orbits, leaving but

little room for the olfactory lobes. The relations of the latter as well as

of other parts of the brain will be examined at a future time. The part

exposed does not display fissures, and gentle undulations represent con-

volutions.

The characters of this genus now known, warrant us in thinking it one

of the most interesting of Eocene Mammalia. Two special characters

confirm the reference to the Lemuridce which its physiognomy suggests.

These are, the external position of the lachrymal foramen, and the un-

ossified symphysis mandibuli. Among Lemuridce, its dental formula agrees

only with the Indrisinm, which have, like Anaptoraorphus, two premolars

in each jaw. But no known Lemuridm possess interior lobes and cusps of

all the premolars, so that in this respect, as in the number of its teeth,

this genus resembles the higher monkeys, the Simiidce and Ilominidce,*

more than any existing member of the family. Of these two groups the

resemblance is to the Homiuidce in the small size of the canine teeth. It

has, however, a number of resemblances to Tarsius which is perhaps its

nearest ally among the lemurs, although that genus has three premolars.

One of these points is the anterior extension of the otic bullae, which is

extensively overrun by the external pterygoid ala. A consequence of

this arrangement is the external position of the foramen ovale, just as is

seen in Tarsius. Another point is the probably inferior position of the

foramen ovale. Though this part is broken away in the cranium of Anapto-

morphus homunculus, the paroccipital process is preserved, and has the

* In an early description of Anaptomorph us. Free. Araer. Philos. See., 1873, the

types malie me say " this genus * * might be referred decidedly to tlic Le-

muridcB, were it not tor the nnossifled symphysis." It is scarcely necessary to

state that Simiidoe should be read in place of Lemuridce.
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position seen in Tarsias, as distinguished from the Indrisince, Lemurina,

Oalacjince, etCj In this it also resembles the true Quadriimana.

When we remember that the lower Quadrumana, the Hapalidce and

the Cebido', have three premolar teeth, the resemblance to the higher mem-
bers of that order is more evident. The brain and its hemispheres are not

at all smaller than those of the Ttirsius, or of the typical lemurs of the

present jieriod. This is important in view of the very small brains of the

flesh-eating and ungulate Mammalia of the Eocene period so far as yet

known. In conclusion, there is no doubt, but that the genus Anapto-

morphus is the most simian lemur yet discovered, and probably represents

the family from which the true monkeys and men were derived. Its dis-

covery is an important addition to our knowledge of the phylogeny of

man.

Char, specif. The specimen is distorted by pressure, but its form is

normally nearly round, when viewed from above or below. The extremity

of the muzzle is broken away, but the alveolus of the external incisor in-

dicates that it is short, and not prolonged as in Tarsius spectrum. The
mandibular ramus, already described, proves the same thing. The orbits

are large, but not so much so as in Tarsius spectrum ; their long diameter

equals the width of the jaws at the last superior molar teeth inclusive.

The supra-orbital borders project a little above the level of the frontal

bone, which is concave between their median and anterior parts. The
ci-anium is wide at the postorbital region, in great contrast to its form in

the Adapidm, resembling the Necrolemitr antiquus Filh. in this respect.

The postfrontal processes are wide at the basal portion, and flat. From
their posterior border the temporal ridges take their origin. These converge

posteriorh' and probably unite near the lambdoidal suture, but this part

of the skull is injured. The anterior lobes of the cerebral hemispheres

are indicated externally by a low boss on each frontal bone.

The paroccipital process is short and wide at the base, and it is directed

downwards and forwards. The alisphenoid descends so as to form a strong

wall on the anterior external side of the otic bulla. This is aLso the case

in Tarsius spectrum, but in the extinct species the descending ala is more
robust, and has a thickened margin. On the latter the external pter3'goid

ala rests by smooth contact of its thickened superior edge. This ala is

twice as prominent as the internal pterygoid ala. The posterior nareal

opening is not wide, and its anterior border is parallel with the posterior

border of the last superior molar teeth. The palate is wide, and its dental

borders form a regular arcade as in man, being quite diflerent from the

form u.eual in monkeys and lemurs, including Tarsius. Perhaps the form

is most like that of Microrhynchus laniger. The proximal parts of the

malar bone are prominent, and overhang the maxillary border, as in

Tarsius.

The foramina ovale and lachrymale are rather large. There are two
infraorbital canals, lying beside each other, and issuing by two foramina

externa. The external appearance justified this conclusion, but the fact
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was demonstrated when I accidentally broke away the anterior border of

one of the orbits. This displayed the two canals filled with matrix their en-

tire length. The anterior foramen externum is anterior to and above the

posterior, and both are above the first (third) premolar tooth. The

lachrymal foramen is above the space between that tooth and the canine.

The crown of the canine tooth is a cone with a very oblique base, and a

convex anterior face. The base rises behind, and the posterior face has on

the median line a low angular edge. The internal cone of the third (first)

premolar is not so prominent as that of the second, though large. The
external cusps of both premolars rise directly from the external base. They
are flattened cones, with anterior and posterior cutting edges. The
crowns are a little contracted at the middle, so as to be narrower than the

inner lobe of the tooth, which is narrower than the external portion. Both

premolars have delicate anterior, posterior and external cingula. The ex-

ternal cusps of the true molars rise directly from the external base, and

like those of the premolars, have a regularly lenticular section. At the

internal base of each one is a small intermediate tubercle, which is con-

nected by an angular ridge with the single internal cusps. There are

delicate anterior, posterior, and external cingula, but no internal. The
posterior cingulum shows a trace of enlargement at its inner part, which

is well marked on the second molar, but it is not as prominent as in many
Creodont genera. The posterior external cusp of the last true molar is

reduced in size. Taking the molars together, the first true molar is the

largest, and they diminish in size both anteriorly and posteriorly. The
third true molar is a little smaller than the first (third) premolar. Enamel
smooth.

Measurements. M.
Length of cranium to occipital prominence above par-

occipital process, and minus premaxillary bone. . .0280

Total width at posterior border of orbit, below 0240

Length of palate from front of canine tooth 0116

Width of palate and peunltimate molars 0125

Length of superior molar series 0095
" " true molars 0060

anteroposterior 0018
Diameters of crown of canine

vertical 0018

^ . ^ ... (anteroposterior 0020
Diameters crown of P-m. in, ] ^ f,^„„

< transverse 0026

c anteroposterior 0020
Diameters crown of P-m. iv,

J ^^^^^^^^^^ oo35

_

.

,- .. c anteroposterior 0032
Diameters M. u, ? ^ (\f\A(\

\ transverse U040

.
(anteroposterior 0016

Diameters M. lu, { . nnoe
> transverse OU^io

Diameters of orbit
anteroposterior 0110

vertical (? depressed) 0078

Interorbital width (least) 0050

PROO. AMER. PHILOS. SOC. XX. 111. T. PRINTED MARCH 13, 1882.
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The Anaptomorphus homunculus was nocturnal in its habits, and its food

was like that of tiie smaller lemurs of Madagascar and the Malaysian

Islands. Its size is a little less than that of the Tarsiua spectrum. The

typical specimen was found by Mr. J. L. Wortman in a calcareous nodule

in the Wasatcli formation of the Big-Horn basin, Wyoming Territory.

Creodonta.

Shortly after the publication of my arrangement of the Creodonta in

1880* I obtained a good deal of additional material, which enabled me to

improve it in several respects. A number of genera have been added, and

the characters which distinguish the Mincidm and Oxycenidm have been

more fully brought out. The Miacidce differ from all other families in

having the fourth superior premolar sectorial as in the true Carnivora,

while the true molars are tubercular. In Oxycena, the fourth superior pre-

molar displays no indication of sectorial structure, the first true molar

assuming that character. In Stypolophus and allies, the second superior

true molar is more or less sectorial, and the first true molar and even the

fourth premolar in some of the genera, develop something of the same

character. But there is every gradation between the triangular Didelphys-

like, and the sub-sectorial Pterodon-\\k.(i forms of the superior molars, in

this group of genera.

The glenoid cavity of the squamosal bone presents differences in the

various genera of this sub-order. In Arctocyonidm (fide De Blainville),

Oxycenidm, and Mesonychidce, it is bounded by a transverse crest anteriorly,

as well as by the postglenoid posteriorly, while in the Leptictidm it is plane

and open anteriorly. In AmUyctonidcB its condition is unknown. In

existing Carnivora this character is not very constant as a family defini-

tion ; it is best marlced in the FcUdm, and least marked in the Canidm.

Nevertheless there is a group of genera allied to the Oxymnidm, which are

very marsupial in character, whicli have been called the Leptictidce, and

which differ so far as known from Oxyoena in the absence of the preglenoid

crest. I suspect that these forms constitute a family by themselves, and

for the present, until our knowledge of tliem is fuller, I define it by this

character. The definitions of the families will then be as follows :

I. Ankle-joint plane transversely, or nearly so.

True molars above and below, tubercular ; last superior not transverse

ArctocyonidoB.

Superior true molars, tubercular ; last superior premolar sectorial ; first

inferior molar " tubercular sectorial " Miacidce.

Superior last molar transverse ; inferior molars tubercular-sectorial or with

reduced anterior cusp ; no preglenoid crest Leptictidce.

Last superior molar trenchant, transverse ; first superior true mohir sec-

torial ; inferior true molars tubercular-sectorial ; a preglenoid crest. .

.

OxycenidoB.

•Proceedings Amer. Pliilos. Society, p. 76.
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Last superior molar longltucrinal ; inferior true molars -without developed

sectorial blade AmUyctonidm.

II. Ankle-joint tongued and grooved, or trochlear.

Molar teeth in both jaws consisting of conic tubercles and heels ;
none

sectorial ; a preglenoid crest MesonycJddcB.

I now give the characters of the genera. All these are derived from

examination of typical specimens. The opportunity of doing this 1 owe

to the kindness of Messrs. Leidy, Gervais, Gaudry, Filhol, and Lemoine.

Arctocyonid^.

Premolars, | ; the first inferior one-rooted ; the last inferior well developed ;

• Arctocyon Blv.

Premolars below, 4, the first two-rooted, the last true molar much reduced
;

(fide Lemoine) Hyodedes Cope.

Premolars below, 3, first two-rooted ; true molars normal

Heteroborus Cope.
MlACIDiE.

Inferior tubercular molars two, premolars four Miacis Cope.

Interior tubercular molars one, premolars four Didymictis C&pe.

Leptictid^.

I. Superior molars sub-equilateral, without cutting heel posterioily.

a. Fourth inferior true molar like the true molars, with three anterior

cusps.

/?, Third superior premolar with internal cusp ; anterior cusp of in-

ferior molars small, median.

Third premolar with one external and one internal cws,\)?,.Me8odectcs Cope.

Third premolar with two external and one internal cusps. . . .Ictops Leidy.

yS^S. Third superior premolar without internal cusps ; anterior cusps of

inferior molars present.

Cusps of superior molars marginal ; two superior incisors ; Leptictis Leidy.

Cusps of superior molars median in position ; anterior cusp of inferior

molars well developed Peratherium Aym.

/3/?^. Anterior cusps of inferior molars wanting.

Fourth inferior premolar like true molars Diacodon Cope.

aa. Fourth inferior premolar different from true molars in a simpler

constitution.

Last inferior molar tubercular ; cusps of other true molars well developed;

three inferior premolars Lipodectes Cope.

Inferior true molars alike, with anterior inner cusps little developed ; three

premolars (?) Triisodon Cope.

Inferior true molars alike, with cusps well developed ; four premolars. . .

.

Deltatherium Cope.
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II. One or more superior molars, witli the external heel produced into

a blade.

a, ^lolars 4—3 ; three last inferior tubercular sectorial.

Premolars robust, conic Quercitherium Filh.

Premolars compressed ; the fourth superior with a conic cusp and heel

externally Stypolophus Cope.

Premolars compressed ; fourth superior with a simple blade externally. .

.

Proviverra Riitim.

OXYuENID.^.

I. Inferior molars without internal tubercles.

Molars, ^ | ; three sectorials in the lower jaw Pterodon Blv.

II. Inferior molars with internal cusps.

a. Posterior heel of one or more superior molars elongate and trench-

ant.

Last. inferior molar truly sectorial, without internal tubercle; second,

tubercular-sectorlal Protopnalis Cope.

Molars, *
| ; two last inferior molars tubercular-sectorial . . . Oxyana Cope.

Amblyctonid^.

Fourth inferior premolar with a broad heel supporting tubercles ; an

anterior and no internal tubercles Amblyctonus Cope.

Inferior molars with tubercular heel, an anterior and an internal tubercle.

Periptychus Cope.

Dental formula below, 3, 1, 3, 3. Fourth inferior premolar with a cutting

edge on the heel ; both internal and anterior tubercles

PalcBonyctis Blv.
Mesonychid^.

a. Inferior molars seven
;

Cones of inferior and superior molars simple Mesonyx.

Cones of last two inferior molars with lateral cusps Dissaciis.

aa. Inferior molars ? six.

Internal lobes of penultimate superior molar v-shaped Sarcothraustea.

aa. Inferior molars five.

Inferior molars with strong anterior lobe Patriofelis .*

MiACis CANAVus Cope.

Bulletin U. S. Geol. Survey, Terrs., 1881, p. 189. One mandible.

MlACIS BREVIR08TRI8 Cope, lOC. cit. p. 190.

Parts of four mandibles.

DiDYMICTIS DAWKINSIANUS Cope, 1. C, p. 191.

Six mandibular rami more or less complete.

Individuals of the genus Didymictis are abundant in the Wasatch beds

* Of unoertain reference to this family.
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of the Big-Horn, and a good many of them do not coincide well in

characters with the species already described. I define them as follows,

premising that with other parts of the skeleton some changes may be found

to be necessary. The large D. altidens was not obtained by Mr. Wortman
in the Big-Horn country.

I. Inferior tubercular molar oval in outline, with a heel.

Length true molars .010 ; last three premolars .0135 ; last molar narrow.

.

D. daiokinsianus.

Length true molars .016—.018; last three premolars .028—.030; last

molar narrow D. leptomylus.

Length true molars .019—.020; last three premolars .036; last molar

elongate D. protenus.

Length true molars .025 ; last three premolars .035 ; last molar short

D. altidens.

II. Inferior tubercular molar short, subquadrate in outline.

Length true molars .011 ; depth of ramus at sectorial .010

D. massetericus.

Length true molars .018 ; depth of ramus at sectorial .017.. ..D. curtidens.

DiDYMICTIS LEPTOMYLUS CopC.

American Naturalist, 1880, p. 908.

The specimens which I refer at present to this species belong to two

varieties, which may perhaps be specifically distinct ; but this cannot be

demonstrated at present. They diifer in dimensions only. Thus the true

molars of the type, which comes from the Big-Horn beds, measure

M. .016 in length. Five specimens from the Big-Horn basin agree in hav-

ing this dimension .018. The entire inferior molar series is only a little

shorter than that of the smaller variety of the D. protenus from New
Mexico (See my report to Capt. Wheeler, plate xxxix).

DiDYMICTUS PROTENUS CopC.

Jaws more or less complete, of six individuals, are referable to this

species. They agree closely in measurements and belong to the larger

variety of the species figured on plate xxxix of the report to Capt.

Wheeler.

DiDYMICTIS MASSETERICUS, Sp. nOV.

This species is intermediate in size between the D. leptomylus and the

2). dawkinsianus, and is characterized by the peculiar form of its tubercular

molar, and the deeply excavated masseteric fossa. It appears to have been

a rare species, as only one mandibular ramus was found by Mr. Wortman.
This is broken off in front of the fourth premolar, and supports the last true

molar teeth.

The tubercular molar is subquadrate in form, and consists of three low

tubercles in front, and a wide heel behind, which has an elevated posterior

border. The tubercular-sectorial has a short and narrow heel. Its anterior

cusps are not very acute, and the two internal are equal, and a good deal
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Bhorter than the external. Tlie fourth premolar is relatively shorter than

in any other species of the genus, and the posterior marginal lobe is a mere

thicliening of the edge of the heel. Tliere is a low anterior basal tubercle.

The enamel is smooth.

The ramus is compressed and not deep. The angle is prominent, and is

not inflected ; it does not extend so far posteriorly as the posterior border

of the condyle. The inferior border of the masseteric fossa is an angular

line, without abrupt excavation, but the face of the fossa descends rapidly.

The anterior border of the fossa is abrupt and is formed by the usual sub-

vertical ridge.
Measurements. M.

Length between P-m. IV, and condyle inclusive 0520

" of posterior three molars 0170

" of tubercular-sectorial 0070

Elevation of " " 0070

Depth of ramus at sectorial 0100

DiDYMICTIS CURTIDENS, Sp. UOV.

As in the case of the B. massetericus the present species is represented

by a single fragmentary mandibular ramus. This supports a sectorial tooth

of the size and form of that of the D. protenus, and is thus mucli larger

than that of the species just named. This tooth is placed nearer to the

base of the coronoid process than is seen in any other species, and only

leaves space for a short tubercular tooth. This is lost from the specimen,

but the alveolus shows pretty clearly its dimensions. The base of the

fourth premolar remains, and it is evident that this tooth was like that

of B. protenus in form and proportions. The base of the posterior marginal

lobe is present. The ramus is deeper and larger than in the B. massetericus.

Measurements. M.

Length of bases of last three molars 0285
" " fourth premolar 0120
" " sectorial on base 012

Width " in front 008

Depth of ramus at sectorial 017

IcTOPS Bicuspis Cope. Bull. U. S. Geolog. Surv., Terrs. 1881, p. 192.

This mammal was founded on a skull from the Wind River region.

It is now represented by a mandibular ramus. The form of the fourth

premolar being unknown, its reference to this species is provisional only.

It may be remotely allied to Sti/polophiis, but the anterior inner cusp of the

molars is small and does not reach the inner side of the crown, and the an-

terior external cusp is but little larger than the second anterior inner. The

two cusps last named stand opposite to each other, and their apices are only

separated from each other by an open notch. They, Avith the fii-st anterior

inner (here median), form a transverse narrow triangle. The posterior

part of the crown is rather large and, though lower than the anterior part.
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is absolutely quite elevated above the alveolar border. Its summit presents

a V externally, and there is a small posterior median angle. In the last

true molar this angle is a little more prominent than in the others, and

rises into a cusp. The external bases of the crowns are protuberant, but

there are no cingula. Enamel smooth.

The ramus is rather compressed, and the masseteric fossa is well marked,

and is bounded anteriorly by a prominent rib.

Measurements. M.

Length of true molars 0100

r anteroposterior .0035

Diameters M. Ill } vertical 0035

' transverse 0030

anteroposterior 0035

transverse 0028

Depth of ramus at M. II 1 . . .0070

This species is smaller in all dimensions than I. didelphoides, and the

crowns of the molar teeth are shorter and more elevated than in that

species.

Deltatherium absarok^e Cope. American Naturalist, 1881, p. 669.

A small species, represented by an imperfect cranium and lower jaw

with nearly complete dentition.

Stypolophus aculeatus Cope.

Several fragmentary mandibles nearlj^ coincide in measurements with

this species. The molars are .0240 in length, and the ramus is .0140 in

depth. The only difference in the measurements is that the true molars

measure .0250 in S. aculeatus. The latter is, however, a species of the

Bridger epoch, so that further comparison will be necessary before identi-

fication is made.

Stypolophus wHixiiE, sp. nov.

Stypolophus strennus Cope. Bulletin U. S. Geol. Survey, vi, 192 ; not

of Report Capt. Wheeler, vol. iv, pt. ii.

The greater part of the skeleton, with skull and dentition of this species,

were brought from the Big-Horn by Mr. Wortman. A pari of a mandible

of a second indivklual was also found. The species is, however, primarily

based on a specimen from the Wind river. This is represented by a right

mandibular ramus which supports all the molar teeth, and displaj^s the

alveolus of the canine, and lacks all posterior to the coronoid process ;

also by a portion of the frontal bone, two vertebrae, fragments of scapula,

humerus, ulna, radius, ilium, and tibia, and the greater part of both tarsi.

They represent a species larger than the Virginian opossum, and inter-

mediate between the S. hrevicnlcn.ratus and S. stremms in proportions. It

has not the rudimental heels of the molars of the former species, nor the

robustness of the latter.

The inferior outline of the mandible is gently curved from the canine
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to below the last molar. The anterior border of the masseteric fossa is well

marked, but not the inferior border. The ramus is compressed and deep.

The canines have stout roots and narrow curved crowns. The first premo-
lar is separated by a short space from the canine and by a longer one from
the second premolar. It has either a single compressed root or two roots

confluent within the alveolus. The crown is truncated obliquely behind.

The second premolar is two-rooted and the crown is elevated anteriorly

and depressed posteriorly. The third premolar is more symmetrical, but

the heel is produced. It is narrow and keeled medially. The fourth pre-

molar is abruptly larger than the third. Its crown is simple, except a low
tubercle at the anterior base and a short trenchant heel at the posterior

base. Of the three tubercular-sectorials the first is the smaller. The heels

of all three are rather narrowed and elongate. Their margin is raised all

round, inclosing a basin ; a notch in the external margin cuts its anterior

part into a tubercle. The two internal tubercles are rather obtuse, and are

considerably shorter than the external cusp.

Measurements. M.
Length from canine to end of last molar 060

" " •' first true molar 087
" " " second premolar 015
" of base of fourth premolar ... .009

Elevation of fourth premolar 007

Length of base of second true molar 007

heel " " " 006

Elevation of second true molar 009

Depth of ramus at third premolar 015

Length of superior canine 028
" crown of superior canine with enamel 013

A portion of the frontal bone shows weak anterior temporal ridges

uniting early into a sagittal crest, which is low as far as preserved. Tlie

parietal bones ov^erlap the frontal as far forwards as the temporal ridges.

Anterior to the latter the front is concave in transverse section. Viewed
from below, the spaces for the olfactory lobes are large and entirely an-

terior to those which received the anterior lobes of the hemispheres ; each

one is about as wide as long. In the small part of the cerebral chamber
wall left, there is no indication of convolutions, which would be visible in

a gyrencephalous brain ; two air-chambers in front of each olfactory lobe.

The base of the transverse process of the atlas is perforated from be-

hind to the middle of its inferior side ; from the latter opening a foramen

penetrates directly fnto the neural canal. A posterior dorsal vertebra has

the centrum longer than wide and much depressed. Its inferior face is

regularly convex in section. The proximal end of the scapula shows that

its inner border is much thickened, and that the spine arises abruptly and
near to the glenoid cavity. There appears to have been scarcely any cora-

coid ; the surface adjoining it is, however, injured. The humerus lacks
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the proximal portion and the inner half of the condyles with the epi-

condj'les. The deltoid crest is not very prominent, so that the shaft is

rather slender. The external distal marginal crest is thin, and is continued

well up on the shaft. The external part of the condyle displays no inter-

trochlear ridge. Olecranar and coronoid fossa? well marked. The olecranon

is robust and deep, and is truncate posteriorly and below. The head of

the radius is a regular transverse stout oval.

A fragment of the ilium from near the acetabulum displays a prominent

"anterior inferior spine." The best preserved tarsus includes calcaneum,

astragalus, cuboid, and navicular bones. The tibial face of the astragalus

is strongly convex antero-posteriorly and slightly concave transversely.

The head is prolonged some distance beyond the distal extremity of the

calcaneum, and presents a convex internal border and a concave external

one. Its long axis is parallel to that of the tibial portion, but is not in the

same axis, owing to its lateral position. The external face of the trochlear

portion is vertical, and is interrupted by a deep fossa behind . The internal

face is very oblique, and becomes the superior face of the head. The
posterior face of the trochlea is grooved with a wide and shallow groove,

which just reaches the superior face, terminating on the external side.

The superior face is not grooved, but is shallowly concave in transverse

section. The head is a transverse oval, and is convex ; it has a small facet

for the cuboid on the outer side.

The heel of the calcianeum is large and expands distally, so as to be as

wide as deep. The convex astragalar facet is very oblique to the long

axis of the calcaneum ; the sustentaculum is rather small. Below the

latter is a narrow tuberosity looking downwards and forwards. On the

external side, close to the cuboid facet, is a depressed crest. The cuboid

facet is as deep as wide. The cuboid bone is a little longer than wide

proximall}^ and narrows distally. It has a narrow astragaline facet and

a deep fossa below proximally. The hook inclosing the groove for the

tendon of the flexor muscle is prominent. The navicular is rather small,

and has three inferior facets, which diminish in size outwards. It has a

strong posterior knob-like process, with a narrow neck.

When the tarsal bones are in position, and the tibia stands vertically on

the astralagus, the cuboid bone is turned inleriorly. This indicates that this

species walked on the outer edge of the hinder foot.

Broken metapodial bones are slender and straight. The proximal end

of a metacarpal does not display the interlocking lateral articulation seen

in Protopsalis. Two phalanges are depressed in form.

Measurements. M.

^ anteroposterior 0145

Diameters of a dorsal centrum < vertical 0075
' transverse 0115

^. „ , ., . , c anteroposterior 0145
Diameters of glenoid cavity scapula )

^ ^^„„^ -^ ^ < transverse 0090

PROC. AMER. PHILOS. SOC. XX. 111. U. PRINTED MARCH 13, 1883.
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Measurements.

Depth of olecranon

Width of liead of radius
" neck of ilium anteroposteriorly.

.

Diameter of shaft of tibia at middle
' anteroposterior.

Diameters of astragalus
greatest

transverse
( of troi

t of Ilea

of trochlea,

id. . .

.

Length of head
" calcaneum

Width of calcaneum at sustentaculum.
'

'

cuboid facet

Length of cuboid

/ c distal. . .

.

Diameters ]
'-anteroposterior

J proximal.
' transverse proximal

f vertical

I

Diameters of navicular ^ transverse
with tuberosity . ..

without tuberosity

M.

.0110

.0110

.0120

.0085

.0180

.0140

.0100

.0070

.o;]00

.0140

.00C)6

.0120

.0070

.0075

.0098

.0100

0070

anteroposterior.

As already remarked, it is probable that the semigrooved trochlea of the

astragalus of this species- is an indication that the genus Prototomus must

be retained as distinct from Slypolophas, to which the present species proba-

bly truly belongs^.

The specimen described, together with the mandibular ramus of another

supporting the last two molar teelli, were found in the bad lands of Wind
river, Wyoming, by J. L. Wortman. Dedicated to Frances Emily While

M. D., of Philadelphia.

OXY^NA FORCIPATA Cope.

Keport Vert. Foss., New Mexico, 1874, p. 12. Report Capt. G. M.
Wheeler, U. S. G. G., Expl. Surv. W. of 100th Mer. iv, ii, p. 105, 1877.

This formidable animal was abundant in Northern Wyoming, during the

Wasatch epoch. At least ten individuals are represented in the collection.

The following are the dimensions of the mandibles of the five best pre-

served.

J_l_2_
Length of dental series 103j ?

premolar" '.042.045

Depth of ramus at M. Ill '.042 .039

3
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The claws of this species arc moderately compressed, and thej' termi-

nate abruptly and obtusely. The extremity is deeply fissured, and each

of the two apices is rugose.

Mesonyx ossifragus Cope, American Naturalist, 1881, p. 1018.

Pachymna ossifraga Cope. Report Capt. Wheeler, U. S. G. G. Surv. W.
of lOOih Mer. iy, ii. p. 94, 1877.

A series of specimens of this species demonstrates the following points :

(1) Pachycena was founded on a superior molar of Mesonyx, and must be

suppressed. (3) Mcsoiiyx namjocias Cope must be separated as a distinct

genus, since the apices of the crowns of the last two molars have two

cusps. I have called this genus Dissacvs (American Naturalist, Dec, 1881).

(4) It results that there are three species of Mesonyx : M. ossifragus

Cope, M. lanius Cope, and M. obtusidens Cope.

M. ossifragus was the largest Creodont of the Eocene, equaling the

largest grizzly bear in the size of its skull. In a cranium with lower jaw

and almost complete dentition, the length to the premaxillary border from

the postglenoid crest is ]\I. .3G5 ; the largest Ursus horribiUs in my collec-

tion gives .270 for the same length. This specimen has the dental formula

I. f ; C. 1 ; P-m. | ; M. f. The claws have the flattened form which I

discovered in M. lanius, and the proximal phalanges have much the shape

of those of a Perissodactyle. Tlie astraglus has much the character of the

animals of that order, and has the distal facets as I originallj' detected

them in the M. obtusidens. The form of this bone is rather shorter and

wider than in the latter species.

The inferior canine tooth of a large specimen has the following diameters

at the base of the crown : anteroposterior .039 : transverse .024.

AMBLYPODA.

Pantodonta.

The explorations in the bad lands of the Big-Horn river yielded several

species of this sub-order, all which I refer at present to the Corypliodontidm.

They, however, represent several genera, two of which have not been

previously known. I have distinguished these (American Naturalist, Jan.,

1882), in the characters of the superior molar teeth as follows :

I. Last superior molar with two interior cusps.

All the superior molars with a well marked external posterior V
Manteodon.

II. Last superior molar with but one inner cusp or angle.

a. Last superior molar with posterior external cusp.

Anterior two molars with posterior external V Ectacodon.

an. Last superior molar Avithout external posterior cusp.

\ Anterior two molars with posterior external V.

Astralagus transverse, with internal hook Coryphodon.

Astragalus subquadrate, without internal hook Bnthmodon.

ffFirst superior molar only with posterior external V Mctalophodon.
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The type ofManteodon is the M. subquadratus, which was about the size

of an ox. The cliaracters of its superior mohirs are more like those of

Perissodactyles than are those of the other Goryphodoiitldm. Tlie type of

Et'tneodon is the E. cinctus, a species of about the dimensions of the last

named. Its last superior molar is parallelogrammic, and has a cingulum
all around it except on the external side.

Manteodon subquaduatus, gen. et sp. nov.

Char. gen. These have been already pointed out in the key above given.

They are a little more like those of the superior molar teeth of such

Perissodactyla as LimnoJiyus and near allies, than those seen in the typical

Coryphodon. The posterior transverse crest of that genus is here rep-

resented by a complete V, but the anterior lobe of that crest Avhich repre-

sents the anterior V of thePerissodactyle, is only a lobe, as in Coryphodon

The tooth in fsxct is much like the penultimate molar of the latter genus.

The two internal cusps are unique in the family. The additional one is a

growth of the inner extremity of the posterior cingulum, and is separated

from the anterior inner cusp by a deep and wide notch. It is opposite to

the posterior V, as the anterior inner cusp is opposite the anterior rudi-

mental V. The premolarand incisor teeth are similar to those of Coryphodon.

The skeleton is unknown.

Char, specif. These are learned from a series of teeth which were found

together by a\Ir. Wortman free from admixture of others. They are not

worn, excepting by moderate use of the animal when living.

The last superior molar is not of the oval form belonging to the species

of Coryphodon, but is quadrate, with the internal side shorter and with

rounded lateral angles. The first anterior cingulum, which represents the

anterior basal cingulum of the Lophiodontidm, is as elevated as in the

species of Coryplwdon. Externally it rises in a protuberance with sharp

edge, which curves posteriorly and disappears on the external side of the

crown. The inner extremitj^ terminates abruptly, forming the anterior

interior tubercle. The anterior external lobe is rather flat, and is not conical

nor elevated above the anterior cingular lobe. It is not deeph^ separated

from the latter, nor from the posterior V ; its edge is rough. The posterior

V projects well inwards, and is rather narrow. Its posterior border ex-

tends as far outwards as the point of junction of its anterior border with
the anterior external lobe, and terminates in a slight elevation of its border.

The base of the crown extends external to the base of the V, and forms a

strong posterior external protuberance. This causes the outline of the

external base to be concave. This side of the crown has several small

protuberances and rugosities. The posterior basal cingulum extends as

far externally as the posteriory, and terminates internally in the posterior

internal cusp. The second or basal anterior cingulum is well developed.

There are no external nor internal cingula. The surface of the enamel is

strongly and closely rugo-se where not worn.
The posterior inferior molar exhibits a transverse posterior crest, without
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any tubercle or ridge in the mouth of the posterior V-shaped valley. There

is a strong posterior cingulum, amounting to a narrow heel. As in the

case of the superior molar, the enamel where not worn is closely and

strongly wrinkled. The first superior premolar is characterized by the

very small development of its internal lobe, which is only a strong basal

cingulum. The crown proper has a sub-triangular outline, and the ex-

ternal face is flat and not concave. No external cingulum ; enamel

wrinkled. An external incisor has a large transversely extended crown,

without cingula. A low rib on the median line of the inner side. Enamel

wrinkled. In this and in another incisor, the base of the crown is con-

siderably expanded laterally.

Measurements. M.
r anteroposterior 035

Diameters of crown M. Ill, sup. < transverse 041

Vertical 020

Width of M. Ill inferior, posteriorly 022

^. -,> T (anteroposterior 018
Diameters P-m. I sup. > «^

.

^
( transverse 014

Diameter base crown I, II 024

Length crown I, II 019

Width base crown I, III 026

EcTACODON ciNCTTjs, gen. et sp. nov.

Char. gen. In Ectacodon the last superior molar has more of the ele-

ments of a posterior external V than in Coryphodon, but not so much as

in Manteodon. The posterior transverse crest, it is true, has no oblique

posterior ridge joining it, to form with it more or less of a V. But the

external posterior angle of the crown supports a cusp, homologous with

the vertical rib found at the basal or external angles of the Vs in PalcBosyops

and allied genera, and indicating the outlines of a V which lacks its pos-

terior side, in a manner not seen in Coryphodon. The penultimate and

ante-penultimate superior molars are like those of the latter genus. Skele-

ton unknown. I have a single species of this genus.

Char, specif. Six superior molars of one skull represent this species.

They belong to a large animal, one about the size of the Manteodon sub-

quadratus. The ^ast superior molar has a characteristic outline. It is not

oval as in the species of Coryphodon, nor quadrate as in Manteodon sp.,

but sub-parallelogrammic. The transverse diameter exceeds the antero-

posterior, and the anterior and posterior sides are parallel. The external

outline is slightly oblique and slightly notched in the middle. The internal

border is regularly rounded. The basal or second cingulum extends en-

tirely round the tooth from the posterior external cusp, round the inner

base to the anterior external base of the crown ; being absent only from

the external base. The first cingula both anterior and posterior are well

developed as in the species of Coryphodon, and unite in the prominent

internal angle. The posterior first cingulum joins the posterior basal cin-
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gulum at the middle of its length. The anterior first cingulum extends

to the anterior external part of the crown, and then turns downwards and

posteriorly and terminates at the middle ot the external base. The
posterior crest i^not transverse, but quite oblique, sloping at an angle of

45° with the axis of the jaw. The part of the crest which represents the

posterior V is a good deal larger than the part representing the anterior

V, and is closely joined with it. The latter is well separated from the

anterior first ciugular ridge and its anterior exterior elevated portion. The

enamel of this tooth is finely wrinkled, and is more readily worn smooth

than in the Manteodon subquadratus.

The penultimate superior molar has the posterior V well developed,

and its posterior basal or external angle is marked by a tubercle homol-

ogous with that which is so prominent on the last molar. The anterior

V is a conic tubercle closely joined with the posterior V, and well separated

from the anterior first cingular lobe. The basal cingula are well developed,

but do not meet on the inner base of the crown. The first or superior

cingula meet as usual in an interior angle, but there is a contraction of the

anterior crest just before reaching this angle. The first true molar is

smaller than the second and has the same general structure. Here, how-

ever, the anterior first cingulum is more prominent near the internal angle

than the posterior. The characters of the premolars do not differ from

the corresponding ones of species of Coryphodon. The enamel is delicately

wrinkled. The first superior premolar is not preserved.

Measuremerds. M.

^ anteroposterior 034

Diameters of crown of M. Ill < transverse 043
' vertical 015

/ anteroposterior 028

Diameters M. I < transverse 033
' vertical 013

^-.-. ( anteroposterior 023
Diameters P-m. Ill

J ^,^^^^,,3^ 030

It is probable that this species was about the size of an ox.

Coryphodon anax, sp. nov.

Mr. Wortman sends me a number of teeth of probably two individuals,

which exceed in size those of any species of Coryphodon yet known, and

differ in certain details of form from all of them. The specimens consist

of incisors, premolars and molars of both jaws of one animal, and an in-

ferior canine, which from its separate wrapping, I suppose to have been

derived from a different locality.

The incisors and premolars have the form usual in species of the genus,

differing only in their large size. The same may be said of the premolars.

A well preserved superior true molar is probably the third. It has the

form usual in the genus, but exhibits two peculiarities. The posterior

transverse crest is divided more deeply than usual by a deep notch which
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enters it from the transverse valley. The external portion is the shorter,

and exhibits the peculiarity of being connected with externail part of the

anterior transverse crest. It is as closely connected with this crest, as it

is with the internal portion of the posterior crest. The external connec-

tion does not exist in the other species of the genus, where the two crests

are separated at their outer extremities by a deep valley. The posterior

basal cingulum is obsolete, while the anterior is well developed. The
enamel of this tooth where not worn, is wrinkled.

The posterior part of tire last inferior molar is characteristic. The
posterior transverse crest is short and very oblique, its inner extremity

striking the posterior margin near the middle. Here it is elevated into a

cusp, which rises above the surrounding parts in a characteristic manner.

There is no ledge round its posterior base, but the border expands out-

wards at the base of the true crest. The additional inner marginal

tubercle is low and compressed as in C lobatus. A second inferior true

molar is normal, with well developed anterior marginal ridge. The in-

ferior canine mentioned is of large proportions, exceeding by one half

the dimensions of the inferior canine of C. lobatus. Its crown is curved

outwards, and has a basal alate expansion of its internal ridge.

Measurements. M.

Diameters of last superior molar

Diameters of second inferior true molar

anteroposterior 039

transverse 0")!

anteroposterior .089

transverse 028

Length of inferior canine .160
" crown of " 090

( vertical 037
Diameters of base of crown of canme

J transverse 036

This species is nearest the C. lobatus in some respects. The short posterior

crest ot the last inferior molar with its cusp-like extremity, and the absence

of posterior ledge on this tooth will readily distinguish it.

Bad lands of the Big-Horn river, Wyoming.
There are six individuals of this species in the collection which are

mostly represented by fine specimens, which represent the entire denti-

tion.

Eight other species of Coryphodon were obtained by the Big-IIorn Ex-

pedition, and the material enables me to distinguish them better than here-

tofore. I present the following differential synopsis of their characters :

I. The last inferior molar with three posterior cusps, the internal some-

times represented by a ridge ; or the posterior inferior molars with

an accessory cusp or tubercle on the inner side between the crests

(^Coryphodon, Owen) :

An internal tubercle ; last upper molar with the anterior cross crest and an-

terior external crest closely connected ; size largest C. anax.



Cope.J 170 [Dec. 16,

An internal conic cusp
;

posterior crest oblique ; heel very small ; size

medium C. cuspidatvs.

An internal crest
;
posterior crest oblique ; heel small ; size medium. ....

C. ohUquus.

An internal tubercle
;
posterior crest little oblique ; heel large ; size large.

C lobattis.

II. Posterior inferior molars with two posterior cusps ; without internal

accessory tubercle :

a. Posterior inferior molars with small or no heel :

Large ;
posterior superior molar oval, with distinct straight posterior

crest ; inferior molars elongate ; symphysis mandibuli produced and

narrowed
;
premaxillary elongate C. latipes.

Medium ; inferior molars nearly as wide as long
;
premaxillary short

G. latidens.

aa. Posterior inferior molars with prominent or wide heel :

Medium
;

posterior superior molar with posterior angle, and angulate

posterior crest ; inferior molars elongate ; symphysis mandibuli broad

and sliort
;
premaxillary elongate ; tusk trihedral C. elephantoput.

Smaller
;
premaxillary bone short ; tusk trihedral C. simus.

Medium
;
premaxillary elongate ; tusk compressed and grooved

C. molestus.

Large ; last superior molar oval, with angulate posterior crest ; its anterior

lobe connected with anterior cingular crest C. repandus.

III. Last inferior molar with but one posterior cusp from which a curved

crest extends round the posterior border of the crown.

Superior true molars narrow ; external incisors sharply angulate on ex-

ternal face C. curticrtstis.

IV. Posterior inferior molar unknown.

Posterior superior molar oval
;

posterior crest straight ; internal crest

fissured (? normally) ; a complete internal cingulum. . . 0. marginatus.

CoRTPHODON cusriDATus Cope.

This species was found in a single individual obtained in New Mexico ;

a second one was discovered by Mr. Wortman in the Wind River basin,

and a third has now been brought from the Big-Horn.

CORYPHODON I^ATIPES CopC.

I refer seven individuals provisionally to this species. Three of these

are represented only by superior teeth, etc., and in four the last inferior

molar is preserved. Of the latter, three have an angle, sometimes almost

a crest, descending from the posterior inner tubercle, as in C. obliquus, but

the specimens are all of superior size to that species, some of them very

much exceeding it. It is also possible that this ridge is not a constant

character. This species has the dentition which I have referred to the

Bathmodon radians, but no astragalus of the species occurs in the collec-

tion. It may be the C. latipes, of which the teeth have not yet been iden-

tified. I hope soon to be able to decide this question.
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CORYPHODON SIMX7S Cope.

A broken mandible and maxillary bone, with several teeth, represent

this small species in the Big-Horn collection.

CORYPHODON ELEPHANTOPUS Cope.

Portions of the dentition of both jaws, including the last molar teeth

of two individuals, prove that this species inhabited Wyoming in the early

Eocene period. One of the individuals, represented only by the last

molars of both jaws, is a little smaller than the typical specimen of which

an entire cranium is figured in Capt. Wheeler's report (4to, 1877, PI.

LI-III), while a second specimen, which includes the entire superior

molar series, is a little larger than the same.

This species is characterized by the obliquity of the edge of the posterior

crest of the posterior superior molar backwards away from a transverse

line ; and by the slope of the external side of this crest. In other words

the inner half of the posterior crest nearly forms a V, like that of the

penultimate molar. The posterior edge of the V is present, running out-

wards from the inner end of the posterior crest, which thus becomes the

apex of the V. The G. eUphantopus thus most nearly approaches the

genus Manteodon, of all the species. To accommodate the obliquity of

the crest the posterior outline of the last upper molar is strongly angulate,

giving a sub-triangular outline. The heel of the last inferior molar is

insignificant.

CORYPHODON REPANDUS, Sp. nOV.

This large species is known from the posterior portions of the dentition

of both jaws, with an entire symphysis.

The last superior molars are intermediate in outline between the regular

oval of the C radians, and the sub-triangular form of the C. elephantopus.

The peculiarities of the species are seen in the posterior crest. The two

lobes of which this is composed, do not form a continuous line as in G.

latipes and G. svnus, but form an angle with each other as in G. anax.

The anterior lobe is compressed, and its long axis is nearly that of the jaw ;

the second lobe leaves it at a right-angle, but curves backwards as it ex-

tends inwards, giving a concave exteroposterior border. There is no ridge

descending outwards from the inner extremity of the crest, to form a V,

as in G. elephantopus. But the posterior basal cingulum extends to

the external side of the tooth, which is not the case in any other species

known to me excepting the G. marginatus. The anterior cusp is closely

joined to the external elevation of the anterior fii'st cingulum as in G. anax;

a character which separates it from all other species. A strong trace of a

cingulum passes round the inner base of the crown. No external cingulum.

The first true molar does not differ materially from that of other species.

It is considerably smaller than the last. The apex of the premaxillary

bone with the second incisor and alveolus of the first, is preserved. The

bone is rather short. The crown of the incisor is regularly convex ex-

PROC. AMER. PHILOS. SOC. XX. 111. V. PRINTED MARCH 16, 1882.
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ternally, and is not expanded at the base. There is a strong internal

ciuguluni.

A fragment of the lower jaw supports the last two molars. The internal

angle of the last one, is unfortunately broken. The posterior crest Is,

however, perfectly transverse, which is not the case with the species with

three posterior tubercles. The preserved part of the posterior border shows

a distinct, rather narrow heel. The anterior Vs are well developed and

there are no lateral cingula. The symphysis is flattened out by pressure.

The inferior canine is large. It is sub-triangular at base and has an anterior

basal angular projection.

Measurements. M.

.^. ,. . -mr TTT c transverse 046
Diameters of superior M. Ill J , .^ ,. , ^„^

^longitudinal 03(

.^. o . ,, ., c transverse 036
Diameters of superior M. I ? , ., ,. , ^oo* ^longitudinal 032

.^. ^ ^(Vertical 018
Diameters crown I. 2 ) „i o

I transverse 018

/transverse 028

Diameters inferior M. in ^ anteroposterior 040
' vertical in front (restored). . .024

Length of symphj-sis 107

Depth of ramus at M. Ill 056

The superior molars of this species might readily be taken for an under-

sized individual of C anax, but the last inferior molar is of a difterent

type, and refers the species to a different section of tlie genus.

CORYPHODOX CURVICUISTIS, Sp. nOV.

The fragments which represent this species belong to one individual.

They include a considerable part of both mandibular rami with numerous

molar teeth, and most of the inferior incisors loose. Also the second

superior molar, some superior premolars, the canine, and three or four

incisors, two of them in place in an incomplete premaxillary bone. None
of the bones of the skeleton were obtained, so far as known.

The ramus of the mandible is both robust and deep. Its inferior border

does not rise posteriorly so much as in some species, as e. g., C. latidens,

and the angle is well below the horizontal line of the dental alveoli. The
dental foramen is just about in this line. The inferior premolars and

molars do not differ from those of several other species, but the last molar

has several peculiarities. The external cusp is the only one of the posterior

pair which is present. It gives origin to two crests, both of them curved.

The posterior represents the usual posterior transverse crest, but is gently

convex backwards, and turns forwards on the inner side of the crown,

only terminating at the external base of the anterior cross crest. The
other curved crest is low, although higher than in most species, and ex-

tends to the middle of the base of the anterior cross crest. There is a dis-

tinct heel which is elevated at the middle and disappears gradually at each

end, not being abruptly incurved as in C. anax. The anterior part of this
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tooth is as peculiar as the posterior. The external cusp gives origin to

three crests, two of them the usual limbs of the anterior V ; while a third

descends to the anterior border a little exterior to its middle. It encloses

a deep groove with the anterior ridge of the anterior V. This arrangement

is not seen in any other species.

The inferior canine is robust, and has its anterior angle prominent, but

not alate. The crowns of the inferior incisors are regularly convex ex-

teriorly, and have no cingula. They are regularly graded in dimensions.

The superior molar preserved is probably the penultimate. Its

anterior portion is broken. The posterior external V is narrower

than usual for a second molar, and resembles somewhat that of the

last superior molar of the Manteodon subquadratus. A slight contact

face on the posterior cingulum shows that this tooth is not the last

molar. The said cingulum extends to the external base of the V ; in

rising to the internal cusp it forms a sigmoid curve. The cingulum

below this, on the inner base of the crown, is rudimental. The superior

canine has a long and robust crown, with a triangular section to the apex.

The posterior tace is a little wider than the other two, which are equal.

The anterior is slightly concave in cross-section, and the posterior slightly

convex transversely, although concave longitudinally. There is a weak

ridge nearly parallel to and near the postero-external angle, and traces of

others on the postero-external face of the crown in front of this one. The

antero-internal angle is swollen at the base.

The superior incisors present characteristic features. The ridge of the

external face, which is weakly developed in some of the species, and is

wanting in others, is here represented by a strong longitudinal angle,

which extends from the base of the crown to its apex, dividing the

external face into two distinct planes. This character is most marked on

the external incisor, where the planes are sub-equal, and concave. On the

second the anterior plane is smaller, and on the first it is a good deal

smaller. These incisors have a weak internal cingulum, but no external one.

Measurements. M.

Length of ramus from P-M. IV inclusive 257
'

'

inferior true molars 098

( anteroposterior 0275
Diameters of M. I infer.

>^^^^g^gj.g^ 020

anteroposterior 036

_ transverse 029

Depth of ramus at M. Ill 075

( anteroposterior 0315
Diameters of M. II super. >

^^^^^^3,^^ 039

^longitudinal... .094

Diameters of crown of superior canine < anteroposterior. .022

' transverse 034

^ ... t vertical 022
Diameters of crown of I. in

| ^^^^^^^,^^ 024

Diameters of M. Ill infer.
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Tlie numerous characteristic marks, show that this species is one of the

most distisict Of the genus. It is also one of the largest, being second only

to the C. anax.

ConVPHODON MAKGINATUS, Sp. nOV.

This is one of the smaller species, having nearly the dimensions of the

C. molestus. It is only represented by the superior canine, first inferior

premolar, and last superior molar of one individual found together by Mr.

Wortman. Their size, mineral condition and degree of wear, render it

probable that all belong to one individual.

The superior molar is of the oval type, without posterior shoulder. The

posterior crest is therefore straight, and parallel with the anterior crest.

Its inner extremity does not display the least tendency to form a V, as is

seen in C. elephantopus. Its exterior extremity is widely separated from

the external prominence of the anterior crest (cingulum). The latter dis-

plays, at its inner extremity, the peculiarity of a deep fissure of the anterior

side, which nearly divides the crest, and partially isolates the internal

tubercle. Adjacent to the fissure its crest is tuberculate. The posterior

upper cingulum descends from the inner cusp to the basal cingulum. The
basal cingulum is well developed on the anterior and interior sides of the

crown, and on the posterior as far as the base of the inner cusp of the

posterior crest, where it graduallj'^ fades out. Enamel wrinkled.

The superior canine is remarkable for its small size. The posterior face

is a little the widest, and its bounding edges are sharp, but not expanded.

There are no prominent ridges of the enamel. The anterior face is mode-

rately wide. The first inferior premolar presents no peculiarities.

Measurements. M.

/ anteroposterior 028

Diameters of M. Ill superior < transverse 038

, (vertical 019

Diameters of P-m. I inferior \
anteroposterior 015

(transverse 009

Diameters of C. superior |
'^"teroposterior 014

I transverse posterior 018

The superior molar is but little worn, and shows that the animal was
just adult. The canine is more Avorn than the molar.

There are several characters which mark this species as distinct from

those previously known. It is the only member of the genus Avhich has

a complete internal cingulum. The fissure of the anterior crest, if normal,

is peculiar to this species. The superior canine is disproportionately

small.

Besides the Coryphodona already mentioned, a numl)er of more or less

complete skeletons were obtained, some of which can be identified by
comparison with those which are accompanied by teeth, and which are

enumerated in the preceding pages.
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Metalophodon testis, sp. nov.

The genus Metalophodon was described by me in 1872.* Since that

time it has remained without further illustration of importance, as no good

specimens of it have been obtained by any of my expeditions up to the

present year. Thy material now at hand consists of the entire superior

molar series of the right side, and the superior molars of the left side, in

beautiful preservation. These display the characters on which the genus

was proposed, i. e., the conversion of the posterior external V of the

second true molar into a transverse crest similar to that of the last true

molar. It follows that the first true molar is the only one which exhibits

this V. It also follows that in this genus the peculiarities of the dentition

of CoryphodontidoB are carried further than in Coryphodon, where two

molars display the "V, and one the crest ; or than in Manteodon, where all

three have a V, and none the crest. The genera then stand in the order

of evolution, Slanteodon, Coryphodon, Metalophodon.

Char, specif.—The first superior premolar has lost its crown. The other

premolars do not display any marked peculiarities. The internal cusps

are well developed, and are most prominent posterior to the line of the

apex of the exterior crest. They connect with the posterior cingulum by

a broad ledge, but do not connect with the anterior cingulum. The two

cingula nearly connect round the inner base of the crown on the third

premolar.

The first true molar is well worn. The base of the posterior external

V can be seen, and the anterior and posterior cingula. There is no in-

ternal cingulum. The second true molar is the largest of the teeth. It

is subtriangular in outline, its external side forming with the posterior, a

right angle. Its general character is much like that of the Coryphodontes,

but it presents the remarkable exception which constitutes the character

of the genus Metalophodon. The posterior crest does not include a V, but

'

is straight, and consists of the same elements as the posterior crest of the

third true molars, but differently proportioned. The part representing the

anterior V is a cone, much shorter than the part corresponding to the

posterior V. As there is a postero-exterior angle of the crown there is an

oblique surface rising to this part of the crest, which represents the ex-

ternal face of the V. There is also a small tubercle at the angle, where a

similar one is found in the corresponding tooth of Ectacodon ductus.

Altogether this tooth is like the posterior molar of Coryphodon elephantopus

,

with a more prominent postero-external angle added. The anterior and

posterior basal cingula are well developed, the latter being strong in-

teriorly to the point where it sends a branch upwards to the internal

cusp. There is no internal cingulum.

The last superior molar is a transverse oval, more regular than usual in

the species of Coryphodon, since the diameters of the internal and external

portions are about equal. The characters of the posterior crest differ from

•Proceedings American Pliilos. Soc, 187-2, p. 542.
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those seen in the genus named in that the internal portion is much smaller

than the external, having a small conic apex, distinct from that of the

exterior portion. Its postero-external face is nearly vertical, and it

diverges a little posterior to parallel with the anterior crest. The latter

(the first cingulum) is elevated, and is widely separated externally from

the posterior crest, to whose base it descends on the external extremity of

the crown. The basal cingulum is present all round the crown except

at the base of the posterior crest, and externally. It is narrow on the

inner extremity of the crown. It sends upwards a strong branch to the

apex of the internal cusp. The enamel of all the molars is strongly

wrinkled, but is worn smooth wherever rubbed.

Measurements. M.

Length of superior molar series 179
" premolar series 085

.^. .,-, _ f
anteroposterior 019

Diameters P-m. II -^ , „„_
t transverse 02o

_. -, _ f anteroposterior 029
Diameters M. I -^ ^ „„„

1. transverse 032

^. ,, __( anteroposterior 036
Diameters M. II < , „.„

t transverse 042

r anteroposterior 0285

Diameters M. Ill } transverse 041
' vertical 015

The Metalophodon testis diflfers from the M. armatus, in the more
triangular form of its penultimate superior molar. Its form is quite

different from that of the last molar, while in M. armatus, the two teeth

resemble each other closelj-. The species are of about the same size.

The individual from which the above description is taken is rather aged.

DiXOCERATA.

Bathyopsis fissidens Cope.

Bulletin U. S. Geolog. Survey, Terrs., Feb. 1881, 194.

A considerable part of the dentition of the mandible of this species was
found in the Big-IIorn bad lands. This includes an incisor tooth, which
is quite characteristic, and renders it probable that the anterior parts of the

jaws difler considerably from those of other Uintatheriida. The root is

sub-round. The crown resembles a good deal that of the species of Cory-

phodontidm. It is higher than wide and has a subacute apex. One edge

of the crown is convex, and the other concave. The external face is con-

cave in both directions, and has no ridges nor cingulum. The inner face

is concave longitudinally and convex transversely. The convexity is

median and has a longitudinal concavity on each side of it. No internal

cingulum except a trace at the base of the concave edge. The edges are

obtuse even when unworn, and the enamel is obsoletely rugulose.
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Measurements of incisor. M.
/ anteroposterior 012

Diameters of crown < transverse : 020

( vertical 020

^. „ f anteroposterior 012
Diameters of root i ^ . ^a

\ transverse 014

This incisor is very cliflferent from the kind seen in Loxolophodon. Mr.

Osborne has shown that genus to have these teeth with compressed two-

lobed crowns, a type unknown elsew^here among Mammalia.*

PERISSODACTYLA.
In a paper on the "homologies and origin of the molar teeth of the

Mammalia Educabilia," published in March, 1874,f I ventured the gene-

ralization that the primitive types of the Ungulata would be discovered to

be characterized by the possession of five-toed plantigrade feet, and tuber-

cular teeth. No Perissodactyle or Artiodactyle mammal was known at

that time to possess such feet, nor was any Perissodactyle known to

possess tubercular teeth. Shortly after advancing the above hypothesis, I

discovered the foot structure of Coryphodon, which is five-toed and planti-

grade, but the teeth are not of the tubercular type. For this and allied

genera, I defined a new order, the Amblypoda. and I have published the

confident anticipation that genera would be discovered which should possess

tubercular (bunodont) teeth. This prediction has not yet been realized.

I now, however, record a discovery, which goes far towards satisfying the

generalization first mentioned, and indicates that the realization of the

prophecy respecting the Amblypoda, is only a question of time.

In 1873,11 I described from teeth alone, a genus under the name of

PJienacodus, and although a good many specimens of the dentition have

come into my possession since that date, I have never been able to assign

the genus its true position in the mammalian class. The teeth resemble

those of suilline Ungulates, but I have never had sufficient evidence to

permit its reference to that group. Allied genera recently discovered by

me, have been stated to have a hog-like dentition, but that their position

could not be determined until the structure of the feet shall have been as-

certained. §
In his recent explorations in the Wasatch Eocene of "Wyoming, Mr. J.

L. Wortman was fortunate enough to discover nearly entire skeletons of

Phenacodus primmvus, and P. vortmaiii, which present all the characters

essential to a full determination of the place of Phenacodus in the system.

The unexpected result is, that this genus must be referred to the order

Perissodactyla, and that with its allies, it must form a special division of

that order corresponding in the tubercular characters of its teeth with the

A Memoir on Loxolophodon and Uintatherium. By H. Osborne,

t Journal of the Academy of Natural Sciences, Philadelphia.

ti Palfeontologlcal Bulletin Xo. 17, Oct., 1873, p. 3 ; also, Report G. M. Wheeler,
U. S. Engineers Expl. W. 100 Mer.. iv, p. 174—1877.

S Proceedings Amer. Philos. Society, 18.S1, p. 4!)5,
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bunodont or suilline division of the Artiodactyla. In this character, how-
ever, there ia a closer gradation than in the case of the Artiodactyla, and it

would scarcely be necessary to create such a group on that character alone.

But the genus differs further from the Perissodactyla and approaches the

Proboscidia, in the fact that the astragalus articulates with the navicular

only, and by a universally convex surface, as in the Carnivora.

The astragalus resembles that of the latter order verj^ closely, and differs

from that of Byracotherium and the nearest forms among the Perissodactyla.

Phenacodus has moreover five well developed toes on all the feet, and was
probably not entirely plantigrade. The cast of the brain case shows that

the cerebral hemispheres were quite small and nearly smooth, and that the

very large cerebellum and olfactory lobes were entirely uncovered by
them. The bones of the two carpal rows alternate with each other, and

there is a large third trochanter of the femur. The cervical vertebrae are

opisthoccelous.

This group is then the ancestral type of the known Perissodactyla, that

is of the horses, tapirs and rhinoceroses, and of the numerous extinct

forms. Its systematic position may be schematically represented as

follows

:

Order Perissodactyla ; ungulate ; digits of unequal lengths ; carpal

bones alternating ; a postglenoid process. Astragalus with proximal

trochlea, and without distal double ginglymus.

Suborder Diplarthra ; astragalus distally plane or concave in one direc-

tion, and uniting with both navicular and cuboid bones ; a thu'd trochanter

of the femur. The known families belong here.

Suborder Condylarthra ; astragalus convex in all directions distally,

only uniting with navicular bone ; a third trochanter of femur.

Family Phenacodontidm. Molar teeth tubercular ; the premolar teeth

different from the molars ; five digits on all the feet.

Genera; P^enacorfMS Cope, and very probably Catathlceus, Anacodon S,nd

Protogonia Cope, and perhaps also Anisonchus Cope. These genera include

fifteen species, all from the lower Eocene beds. I gave a synopsis of their

differential dental characters in the Proceedings of thePhilosophical Society,

1881, p. 487, where I included also the genus Mioelosnus. I omit the latter

from the family at present, as I believe it to be Artiodactyle.

Phenacodus prim^vus Cope.

Parts of a dozen individuals of this species were obtained, and one

almost entire skeleton in a block of soft sandstone. This includes nearly

all parts of the four extremities, as well as the skull, from which but small

portions are wanting.

Species of this genus, so far as determinable from the dentition, are

numerously represented in Mr. Wortman's collection. About fifty individ-

uals are referable to eight species. These present a great range in size,

and some diversities of structure. They may be distinguished as follows :
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I. Last inferior molar with oval outline; heel small ; anterior inner

cusp simple.

Size medium ; length of true molars .025 ; depth of ramus at M. II, .018.

P. apternus.

II. Last inferior molar wedge-shaped, with heel prominent ; anterior

inner cusp simple.

Large ; true molars .041 ; P-m. IV .014 ; depth of ramus at M. II, .027.

P. primcBvus.

Medium ; true molars .027 ; depth at M. 11 .017 ; last molar smaller

P. vortmani.

Smaller ; true molars .022 ; depth at M. II .013 ; last molar elongate ;.

.

P. macropternus.

Smaller ; last four molars .027 ; P-m. lY .007 ; depth at M. II .013 ; last

molar with short heel P. brachypternus.

Smallest ; true molars .017 ; depth at M. II .012 ; heel long ; cusps ele-

vated P- zuniensis.

in. Last inferior molar wedge-shaped, with prominent heel ; anterior

inner cusp double

;

Least ; last inferior molar .OOG ; heel narrow ; true molars (superior) .016.

P. laticuneus.

Two other species have been described, the P. sulcatus, and P. omnivorus

Cope. The former I suspect belongs to another genus. I am not now
sure of the distinctness of the latter from P. primmvus.

Phenacodus hemiconus, sp. nov.

Eepresented by the posterior two superior molars of an individual in-

termediate in size between the P. primcenis and P. puercensis. The pos-

terior molar is peculiar in the very rudimental character of the posterior

internal lobe, which is reduced to a mere wart on the cingulum. The

posterior external tubercle is also rudimental, not exceeding the posterior

inner in dimensions. The anterior tubercles, including the intermediate,

are well developed, the internal exceeding the external. The cingulum

is wide and crenate, and is only wanting on the external base of the crown.

The penultimate molar does not differ so much from that of P. priincevus,

but the two internal cones are not so deeply separated at their base. The

tubercles are all but little worn, and are conical in form, the external

flattened on the external faces. Enamel wrinkled.

Measurements. M.

Diameters of M. II \
anteroposterior 009

( transverse 01^

Diameters of M. Ill \
anteroposterior 010

(. transverse Old

The size of this species precludes the possibility of its identity with any

of the other species described here.

Phenacodus wortmani Cope. Bulletin U. S. Geol. Surv. Terrs, vi,

1881, p. 199. Hyracoth&rium vortmani, American Naturalist, 1880, p. 747.

PROC. AMER. PHILOS. SOC. XX. 111. W. PRINTED MARCH 16, 1882.
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P/tctiarndus piiercensis Cope. Proceeds. Amer. Philos. Soc. 1881, p. 492.

An abundant species, represented by twelve mandibular rami in the

collection, and hy a nearly entire skeleton with perfect skull.

Phenacodus apternus, sp. nov.

Three rami, each of which supports the true molar teeth, indicate this

species. The oval form of the posterior molar is due to the shortness of

the heel, and the large size of the internal median tubercle, which pro-

jects inwards, giving a convex outline to the interior side of the crown.

The external tubercles of all the true molars wear into crescents ; and the

anterior inner is more robust than the posterior inner.

Phenacodus macropternus, sp. nov.

This species is apparently rare, being represented by only one man-

dibular ramus, which supports the posterior three molars, and a possible

second ramus with molars iv and v. The first and second true molars

are much like those of P. tortmani, but the third is relatively larger, and

has an especially elongate heel. In P. vortmani the last molar is con-

stricted, and narrower than the penultimate. In P. macropternus there

is a weak external, and no internal cingulum. The tubercles of the last

two molars are quite regularly conical, while the external pair of the first

molar, wear into crescents. Smaller than the P. vortmani.

Phenacodus brachtpternus, sp. nov.

Three mandibular rami are the only specimens of this species found by

Mr. Wortman in the Big-Horn region. They all display the fourth pre-

molar, which has the characters of this genus, as distinguished from

Mioclaenvs. The species is materially smaller than the P. vortmani, and

its last inferior molar is intermediate between those of the latter and the

P. apternus, in form. Both the internal and external intermediate tuber-

cles are very full, and give the tooth posterior width. The posterior or

fifth tubercle is large, and gives the posterior outline of the crown a tri-

foliate form. The posterior median tubercles of the M. II and I, are well

marked. The molars gradually increase in size forwards, and the fourth

premolar is longer than any of them, and rather narroAV. The heel of the

P-m. Ill is short and wide. On the true molars a weak external cingu-

lum. Enamel slightly wrinkled.

Phenacodus zuniensis Cope. Proceeds. Amer. Philosoph. Society,

1881, p. 462.

Mr. Wortman obtained eleven mandibular rami of this species, in only

one of which are the premolars preserved. Excepting the P. laticuneus,

this is the smallest species of the genus. The molars have much the ap-

pearance of those of the Mesodont genus Hyopsodm, but maj^ be dis-

tinguished by the size of the posterior median tubercle. The second

true molar is the widest tooth, and the last molar is rather elongate, and

its cusps arc not exactlj^ opposite to each other. The cusps of the molars
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are more elevated than in the other species, and those of the external side

all have a distinctly crescentic section. The anterior inner cusp is narrow

and simple. There is no cingulum of any kind.

This species was originally described from New Mexican specimens.

Phenacodus laticuneus, sp. nov.

This is the least species, and is represented by six superior molars and

the last inferior molar in a fragment of the lower jaw. The latter tooth

exhibits peculiar characters already mentioned. The superior molars

differ from those known to belong to the P. primcemis and P. puercensis in

having a vertical fissure of the inner side which separates the bases of the

two internal tubercles. This gives them some resemblance to the superior

molars of the species of Anisonchus, but the important difference remains

in the separation of the anterior inner tubercle from the intermediate

tubercles. The three are confluent into a V in the genus last mentioned.

The external cusps of the superior molars are rather acute, and lenticular

in section, their external sides forming a convex rib. There is no rib

between the external sides. There is a strong anterior cingulum, which

terminates externally in a low angular cusp. There is no cingulum on

any other part of the crown. The second, third and fourth premolars have

two external cusps, and much resemble the corresponding teeth in Eyraco-

therium. The second is longer than wide, and has an internal ledge ; the

third is as wide as long and has a wide internal ledge ; the fourth is wider

than long and has an internal, and two intermediate cusps, and an anterior

and posterior cingulum. They all have a weak external cingulum, of

which a trace exists in the true molars.

The last inferior molar has a double anterior inner cusp as in some

Mesodonta, and the external anterior cusp is robust. All the cusps are

conical and with round section, and their bases are close together. The

outline of the base of the crown is almost an isosceles triangle with rather

wide base in front.

Measurements. M.

Length of last six superior molars 0350
" true molars 0160

.^. „.,, T-T- ( anteroposterior 0055
Diameters of M. 11^ , nnon

I transverse OOoO

Long diameter base of P-m. II 0050

Diameters P m III
^
a^^teroposterior 0060

X/ldllieLcl a JT -111. Xll ^^ . f\f\nf\

t transverse OUbO

Anacodon ursidens, gen. et sp. nov.

Char. gen. Known only from mandibles supporting molar teeth. Prob-

ably family PhenacodontidcB. Last inferior molar with heel. Crowns of

molars without distinct cusps, but with a superior surface consisting of

two low transverse ridges separated by a shallow valley. Unworn grind-

ing surface with shallow wrinkles. Perhaps only three premolars.
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Char, specif. Broken mandibular rami of two individuals constitute

the basis of my knowledge of this species. It is of the size of the Phena-

codus primimus. The last inferior molar is wedge-shaped with the very-

obtuse apex posterior. It displays two slight transverse elevations anterior-

ly Avhich represent the usual cusps. Grinding surface generally nearly

flat. The posterior half of tlie crown of the penultimate molar is flat, and
is separated from the anterior half by a transverse groove. Its surface is

marked by shallow branching grooves.

The molar preceding this one in the broken specimen is probably the

flrst. It is possible from its slightly worn condition that it is the fourth

premolar, but the form is that of a true molar. The surface of the crown
is marked by shallow grooves not very closely placed. The three premolar

teeth in advance of this tooth are broken ofi". Their bases are narrow.

There are no basal ciagula on the molars.

Measurements. M.

Length of posterior true molars 033

_. ^ --_ T-^ r anteroposterior 015
Diameters of M. Ill ^ ^ „,„

i transverse 010

_. „,, „., r anteroposterior 015
Diameters of M. ? I <^ , „.

.

i transverse Oil

Depth of ramus at M. II 080

The characters of the teeth of this species are something like that of

some of the Palmochari of the Miocene, and resemble more those seen in

some of the bears.

Oligotomus osborniancs, sp. nov.

Char. gen. Dental formula ; I. ?, C. ?, P-m. ? | ; M. |. External faces

of external lobes of superior molars separated by a ridge ; anterior ex-

ternal cusp of cingulum little developed. Premolars of superior series

different from true molars, with only one internal lobe. Fourth inferior

premolar similar to the true molars. Cusps of inferior molars connected

by diagonal ridges forming Vs. A diastema in front of the second pre-

molar.

This genus is a good deal like Lambdotherium, so far as known. Its

superior molars are much like those of Aeoessus, and their intermediate

and internal tubercles are those of Hyracotherium.

The two or three species known to me are of small size.

Char. spec. The true molars of both maxillary bones, with the fourth

premolar of one side are preserved more or less perfectly, with four in-

ferior molars on two fragments of the lower jaw.

The external tubercles of the superior molars are nearly erect, and have

a lenticular section. The rib which separates their external faces is

prominent, and terminates in a free apex . The base of each face is marked
by a strong cingulum, but the posterior one is very short. There is a strong

anterior basal cingulum, but no posterior or internal one. The anterior

inner tubercle is larger than the posterior. The intermediate tubercles are
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sub-round, and are anterior to the transverse line of the interior ones.

They do not join the hitter excepting after very considerable wear. The
external anterior cingular cusp is rather more prominent on the first than

on the second true molar. The fourth superior premolar has a well marked

external anterior cingular cusp, which is, however, low ; and there is no

ridge dividing the external faces of the external cusps. I'he single inner

cusp is connected with the two external by two ridges, which diverge as

they extend outwards. The anterior supports a tubercle close within the

anterior external. There are strong anterior and posterior basal cingula

and weak external and internal ones.

The third inferior premolar has a compressed ridge on the heel. The
fourth premolar is like a true molar, with the anterior inner cusp well de-

veloped and elevated, and connected with the anterior and posterior ex-

ternal by oblique ridges. The inner posterior cusp is less conic in form

than in the true molars, and the entire crown is somewhat contracted

anteriorly. The true molars are characterized by the presence of a small

median tubercle on the posterior border. There is a low external basal

cingulum, which is wanting opposite the posterior cusp. Enamel generally

smooth.
Measurements. M.

Length of superior true molar series 0210

T^. , „ . T,r TT r anteroposterior 0080
Diameters of superior M. II -^ . „^„^

I transverse 0097

Diameters of P-m ly / ^^^^^^P^^^^^^^ ^^^^
uiameters oi r m. iv

| transverse 0085

Length from inferior P-m. Ill to M. II inclusive 0290

^. „^ „^ r anteroposterior 0080
Diameters of P-m. Iv •< ^ nn^^n

i transverse. . , 0050

T.. . e • e • -Kx TT f anteroposterior 0075
Diameters of inferior M. II <

'
„ „ „„

I transverse OOoO

Depth of ramus between P-m. Ill and P-m. IV 0150

As compared with the 0. ductus,* this species differs in its superior

dimensions. The anterior inner cusp of the inferior molars is probably

single, though the slightly worn condition of those teeth renders this

point a little uncertain. In 0. ductus some of them at least are double.

This species was, to judge from the size of its teeth, about the size of a

red-fox. The specimens of it above described were found by Mr. J. L.

"Wortman in the bad lands of the Big-Horn river, Wyoming. It is dedi-

cated to my friend, Henry L. Osborne, of Princeton College, New Jersey.

SY.STEMODON TAPiRiNus Cope. American Naturalist, 1881, p. 1018.

Hyracotherium tapirinum Cope. Systematic Catalogue of the Eocene
Vertebrata of New Mexico, 1875, p. 20. Report U. S. Geol. Surv. W. of

100th mer. Capt. G. M. Wheeler, iv. ii. p. 263. PI. Ixvi. figs. 12-16.

This species was abundant in Wyoming during the Wasatch epoch,

jaws and teeth of more than twenty individuals having been brought by

* Annual Kept. tJ. S. Geol. Survey Terrs. 1872, p. 607.
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Mr. Wortman from the Big-Horn. From these I learn that the dental

system is different from that characterizing the species of HyracotJierium.

There is no diastema posterior to tlie superior canine, while in the latter

genus there are two. Anterior to the canine there is a considerable one

in the HyracotheHum. This part is not preserved in any of the specimens

of S. tapiriiium. The characters mentioned have induced me to separate

the latter as type of a distinct genus, Systemodon. An examination of the

figures and descriptions given by Dr. Lemoine of his Pachynolophus

gaudryi found by him in the neighborliood of Reims, sliowsthatit belongs

to the genus Hyracotherium. It is therefore distinct from either of the

species oi Systemodon, and is to be compared with the H. craspedotum of

the Wind River country, with which it agrees in size.

Systemodox semihiaxs, sp. nov.

This species was also abundant in the Big-Horn region, jaws and teeth

of sixteen individuals having been obtained. Its dimensions are a little

smaller than those of the 8. tapiriiius, especially as to the premolar teeth.

There is also a short postcanine diastema, which is not seen in the 8.

tapirinus.

Tlie proportions of the maxillary series are represented by a left max-

illary and premaxillary bone, with all the teeth in place, but the crowns

lost from the first premolar anteriorly. The crowns of the true molars are

somewhat worn, so I confine the description of these to the premolars.

The third and fourth have considerable transverse extent, the latter being

wider than long. The second has scarcely any internal tubercle, but

only a low postero-internal heel. The internal tubercle of this tooth

is large in 8. tapirinus. The crown has two cusps, the posterior lower.

The last two premolars have two external cusps close together. They

have also an anterior external cingular lobe, as in the true molars.

There is a posterior external basal lobe in the third premolar, but none

or a rudiment on the fourth. No internal cingulum on the premolars.

The superior true molars, although worn, show a prominent anterior

external basal lobe, and no complete internal cingulum The base of the

crown of the first premolar is narrow antero-posteriorly, and it has two

roots as in 8. tapirinus. It is in close contact with the second premolar,

and is separated from the base of the canine by a space a little less than

its own anteroposterior diameter, and less than the diameter of the

canine. The base of the crown of the latter shows that it is not a large

tooth, and has a wide lenticular section. The base of the external incisor

is rather large, and is compressed.

Measurements ofsuperior teeth.. M.

Total length of superior series 0720

"molar " 0310

" " " premolar " 0250

Diameters base of canine \
anteroposterior 0055

( transverse 0040

^
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Measurements of superior teeth. M.

Length of base of P-m. 1 0040

Diameters P-m. Ill
f

anteroposterior 0070

•- transverse 00 < 8

Diameters P-m. IV
-f

anteroposterior 0070

<- transverse 0090

Diameters M. Ill \
anteroposterior 0100

c transverse 0125

Some superior molars in better condition than those last described, ex-

hibit the following characters. The intermediate tubercles are fused with

the internal, forming a continuous cross crest, but their apices are dis-

tinguishable. The external cusps are subconical and are well separated.

The anterior and posterior cingula are strong, the external is weaker, and

it is wanting from the posterior part of the internal base of the crown.

A portion of a mandibular ramus, supporting six molars, presents the

following characters. The teeth are a little smaller than those of 8.

tapirinus, the reduction being especially visible in the premolars. The
cones of the crowns are more distinctly separated by notches than in that

species, and are quite distinctly conic. The anterior ledge of the true

molars is distinct, and there is a median posterior tubercle of the first two,

which is represented by the wide crenate -edged heel of the third true

molar. The anterior-internal cusps of the last two molars is double or

bilobed ; that of the first is last. The anterior cones of the fourth pre-

molar are subequal, and the posterior external cone is elevated. There is

a trace of the posterior internal. There is also an anterior ledge. The
heel of the third premolar rises to a median blade and posterior cusp.

The anterior cusp is elevated and compressed, and supports a small in-

ternal lateral cusp. The base of the crown of the third premolar is

elongate. All the teeth are rather compressed, and there is only a

trace of an external cingulum.

The ramus is compressed and moderately deep. The dental foramen

is large, and its superior border is on a level with the posterior base of the

crown of the third true molar. Its inferior base is in line with the base of

the crown of the second true molar.

Measurements of mandible.

.

M.

Length of last six molars 0530
'

' true molars 0310

^ anteroposterior 0065

Diameters third premolar 7 transverse 0040

( vertical 0052

^ anteroposterior 0092

Diameters second true molar < transverse 0060

( vertical 0062

T^. , .1 • J t 1 r anteroposterior 0120
Diameters third true molars <

^
*. transverse 0060

Depth of ramus at P-m. Ill 0170

Depth of ramus at front of M. Ill 0220
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The nearest ally of this species outside of the genus Systemodon is prob-

ably the Hyracotherium craspedotum Cope. This species was brought

from the Wind River bad lands, and does not occur in the Big-Horn col-

lection. It is about the size of the S. semihians, but is a true Hyracotheri-

um, with a diastema behind the first premolar. The strong cingulum

which characterizes it is not found in the S. semihians, and the inferior

molars are wider and more robust.

HYRACOTIiERIUM CRASPEDOTUM CopC.

Bulletin U. S. Geol. Survey, Terrs., 1881, p. 199. American Natural-

ist, 1880, 747.

The dentition of this species is in its dimensions and proportions inter-

mediate between the two species of Systemodon. Its three premolars

equal four of those of the S. semihians, while the molars of the two

species are about equal.

A specimen having the proportions of the H. craspedotum was foUnd by

Mr. Wortman on the Big-Horn, but unfortunately it does not exhibit the

characteristic cingula of the two dental series. The second superior pre-

molar, like that of Systemodon semihians has no internal tubercle. It is

not certain whether there is any diastema posterior to the first superior pre-

molar. I therefore cannot yet ascertain whether this specimen represents

an undescribed species of Systemodon or Hyracotherium, or a strong variety

of the H. craspedotum. The accompanying inferior true molars are inter-

mediate in size between those of the latter species and the H. vasacciense.

Hyracotherium vasacciense Cope.

This species diSers from the H. venticolum in its deep mandibular ramus.

A single specimen from the Big-Horn presents the same proportions. The

posterior inferior molar is rather short.

Hyracotherium venticolum Cope.

Bulletin U. S. Geol. Survey, Terrs., 1881, 198.

Fifteen individuals of this species are included in the collections.

Hyracotherium angustidens Cope.

This was a very abundant species. Mr. "Wortman's collection contains

jaws and teeth of twenty individuals sufficiently well preserved for

identification, and a large number of other pieces of jaws, etc., which may
be reasonably inferred to belong here.

In my report on the Wind River collection* I noticed three varieties of

this species, which diff'er in the depths of the ramus at the line of junction

of the fourth and fifth molars. The numbers are 12, 14, and 15.5 mm.
respectively. The lengths of the first true molar also vary from 7 to 6.5

and 7.5 mm. respectively. The last true molar measures in all 10.0 mm.
The majority of the Big-Horn specimens agree with the second variety,

but two others occur, one a little smaller, and the other a little larger

than the average. The former measures ; length of last molar .0090 ; of

* Bulletin U. 8. Geol. Sui-vey Terrs, vl, 1881, p. 198.
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first molar .0067 ; depth of ramus at M. I, .0120. The dimensions of the

larger variety are : length of M. iii, .110 ; of M. i, .0067 ; depth ramus

.0165. The New Mexican forms originally described, exhibit combinations

of several of these measurements.

Pachynolophus ventorum Cope.

Bulletin U. S. Geol. Surv. Terrs., 1881, p. 197. American Naturalist,

1880, p. 747.

One mandibular ramus.

Pachynolophus posticus, sp. nov.

Both rami of a mandible represent this large species. They are somewhat
injured, and the crowns of five of the molars only can be distinctly seen.

The latter display the characters seen in the P. ventorum and other species

of the genus. The transverse crests are well characterized, and the valley

between them uninterrupted. They are closed at the inner extremity by
a low ridge neai'ly at right-angles with the cross crest posterior to them,

as in the species of Bhinocenis. The anterior of these bounds an anterior

ledge, which is quite large on the last true molar. The latter has a rather

narrow, but prominent heel, which rises posteriorly. The fourth premolar

has an anterior ledge, and wide heel with a diagonal crest which is median

in front. The third premolar is similar, but smaller. The only cingulum

is seen on the anterior part of the external side of all the true molars.

Measurements. M.

Length of crowns of posterior six molars 0700
" " true molars 0440

^

.

T^ . r anteroposterior 0095
Diameters P-m. iv-.' . ^_^^

( transverse 0070

-^ ,^ .. r anteroposterior 0130
Diameters M. ii { , „„„r

\ transverse 0095

^. ,, ...(anteroposterior 0180
^ Diameters M. lu

<^ , 4.
• i i^nnn

1 transverse anteriorly 0092

Depth ramus at P-m. ii 0280

M. ii 0310

ARTIODACTYLA.
MlOCL^NUS BRACHYSTOMUS, Sp. nOV.

Char. gen. The typical specimen of this species is represented by all

the molar dentition of both jaws excepting the anterior three superior pre-

molars. It also includes pelvis, femur, the distal parts of the tibia and
fibula, the entire tarsus and the proximal portion of the metatarsus.

The dental characters conform precisely to those of the other species of

Miodmnus. There is but one internal cusp of the superior true molars,

and the intermediate tubercles are present. The fourth premolar has one

external and one internal lobe. The inferior premolars have simple crowns

without interior cusps or tubercles.

PROC. AMER. PHILOS. SOC. XX. 111. X. PRINTED APRIL 4, 1882,
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The characters of the tarsus arc of much interest, and demonstrate that

MiodcEnus is t^ie oklest type of artiodactj'le yet discovered, and that it is

not altogether primitive in some of its cliaracters. Members of this order

have been found b}- Cuvier in tlie upi)er Eocene {Dichobune, Anoplotherium,

etc.), but none iiave been determined as j'et from tlic Suessonian of

America. A species represented by teetli from the Siderolithic beds of

Switzerland have been referred to DicJtobunc {C. campichii Pict.) ;

but dental charactei-s alone are not sufficient to distinguish that genus

from Phenacodontidce* . Dr. Lemoine found astragali of a small Artiodactyle

in the Suessonian of Reims, and has referred them to his supposed Suil-

line Lophiochmrus peroni. I have reported an astragalus from the Wind
River formation of Wyoming Territory, whioli is almost exactly similar to

those found by Lemoine. The specimen now described, enables me to

characterize with some degree of completeness this interesting form, Avhich

precedes in time all the known American Artiodactylo.

The characters of the tarsus are typically those of the order Artiodactylo

.

The astragalus exhibits a distal trochlea which is continuous with the

sustentacular facet, and which articulates with both cuboid and naviculai*.

The distal portion of the fibula is free from the tibia, and its shaft becomes

very slender. It is possible that a more perfect specimen would dis-

play it as continuous. Its distal extremity articulates with the ascending

tuberositj- of the calcaneum. The cuboid facet of the latter is narrow. The
cuboid and navicular bones are distinct from each other and from the

cuneiforms. The mesocuneiform is shorter than the ectocuneiform, and

is coossified with it. There are probably four metatarsals. The median

pair are distmct, but appressed, their section together, sub-circular. The
lateral metatarsals are slender, the external one is wanting, but its facet

on the cuboid bone is very small.

These characters are in general similar to those of the genus Dicltohune,

but Cuvier f does not state whether the cuneiforms are coossified in that

genus or not. Thej' are united in Anoplotherium.:}; Miodcenus diijers

from Dichohune in the presence of but one internal tubercle of the superior

molars, and in the single external tubercle of the superior premolars. Both

genera are referable to a family to be distinguished from the Anoplotheriidm

by the presence of the external digits, This has been alreadj' named by

Gill the Dichohunidce.

Char, specif. The bones are about two thirds the size of those of the

Javan rnusk-deer {Tragulus javanicus). The transverse extent of the

superior true molars is greater than the anteroposterior. The composition

of the last molar is like that of the others. The external tubercles are

lenticular in section and the emargination which separates them is ap-

parent on the external face of the crown. The intermediate tubercles are

small, and are entirely distinct from the large external tubercle. There

*See American Xaturalist, 1881, December.
t Ossemens Fossiles. v, p. 183.

tGaudrj- Enchainements d. Regne Animal, p. 147.
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is a distinct cingulum which is only wanting from the inner base of the

crown. The fourth superior premolar has a trilobate outline of the base

of the crown, the base of the inner lobe 1)eing contracted where it joins

the external part of the crown. The internal tubercle is conic, with a

prolongation outwards and forwards. Intermediate tubercle not distinct.

External, anterior, and po.sterior cingula.

In the inferior true molars the external tubercles wear into crescents.

The crowns increase in size posteriorly, which is the reverse of the order

of enlargement in some of the other species of the genus. The fifth

tubercle of the last molar is rather small, but is well distinguished from

the other cusps. The internal median cusp is small, the external median,

large. The premolars are not so much larger than the true molars in this

as in the typical species of the genus. The second and third are more

elongate on the base than the fourth. The latter is also less compressed

than those that precede it. It has a short wide heel, and a small anterior

basal tubercle. In the second and third premolars the posterior edge of

the principal cusp is sharp, and descends gradually to the posterior base of

the crown. Both have small acute anterior basal tubercles. The first

inferior premolar is one-rooted, and has a simple crown directed some-

what forwards. It is separated from the second by a short space. The

teeth anterior to this point are lost.

Measurements. M.

Length posterior four superior molars 0182

Diameters P-m. IV j
^anteroposterior 0040

L transverse 004^

Diameters M. II j
anteroposterior 0043

<- transverse OObO

Tx. ^ ^r TTT r anteroposterior 0040
Diameters 31. Ill , ^ ^_ .

.

<- transverse OObO

Length of inferior molars 0330
" " premolars 0192

P-m. Ill 0055

P-m. IV 0045

Diameters M. I. {
anteroposterior 0040

t transverse OOdd

Diameters M. Ill •[
anteroposterior 0052

' transverse 004U

Depth of ramus at P-m. I . .0047

M. II 0090

Length of astragalus 0103

Width of trochlea behind 0048

r.. , f 1 ., /length 0070
Diameters of cuboid

-^ .f, ^ .,,, .-..
I width of middle 0040

MlOCL^NUS ETSAGICUS, Sp. nOV.

This, the largest species of the genus, is represented by the two rami of
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a mandible of an adult animal in good preservation. In their robust

character the premolar teeth resemble those of the M. turgidus, but are

not relatively so large, nor is the last true molar relatively so small, as in

that species. The heel of the third premolar is obsolete, and that of the

fourth is a wide cingulum. Neither exhibit an anterior basal tubercle,

and in both the principal cusp is stout. The true molars widen posterior-

ly to the anterior part of the last molar. The latter contracts rapidly to a

narrow heel. The tubercles are all subconic, and the median ones of the

last molar are small. There are no cingula, and the enamel is smooth.

The ramus is not robust, and is of moderate depth. Its inferior border

rises below the middle of the last molar tooth, and posteriorly. There is

a " mental " foramen below the contact of the fourth premolar and first

true molar.
Measurements. ^I.

Length of bases of six posterior molars 047
" " three premolars 024

P-m. II 009

P-m. IV 008

P-m. IV 005

Diameters basis of M. II [
anteroposterior 0075

• transverse 00 <0

Diameter basis M. m / anteroposterior 0084

* transverse 00*0

Depth of ramus at P-m. II 0080

M. II 0140

This species is named from the Crow Indian name of the Big-Horn

river, Etsagie.

Concluding Remarks.

The paleontologist who has examined the preceeding list, will readily

perceive that it represents fully the Wasatch fauna, with little admixture

of earlier or later forms. The only genus which belongs to the Bridget or

middle Eocene, which occurs in the Big-Horn basin, is Pappiehthys, The

characteristic Bridger genera Hyrachyus, Palceosyops, JJintatherium, and

the Tillodonto, are absent, and their place is taken by Phenacodus, Hyra-

cotherium, CorypTiodon and TcBniodonta, as in New Mexico. Several genera

are, as elsewhere, common to the tw o horizons, and two species cannot be

distinguished in the parts preserved. Such as Uyopsodus paulus and

H. vicurius. A closer comparison may be made with the Wind-

River group, on which I published a report in the Bulletin of the U. S.

Geological Survey of the Territories.* The following genera found in

that formation have not been obtained from the Big-Horn. Protopsalis,

Lamhdotherium, Pal(Eosyops, Hyrachyus.] Genera of the Big-Horn not

obtained from the Wind-River : Gynodontomys, Anaptomorphus ; Mesonyx,

»1881, Feb. p. 201.

t Since making my report on the Wiiul-Kiver fauna, I have found the anterior

part of the lower jaw of a species of this genus.
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Deltatherium, Oxycena ; ManUodon, Ectacodon, Metalopliodon ; Anacodon,

Oligotomus, Systemodon ; Mioclanus. Three of these genera have been

found in the Bridger, and five have been obtained in the lower Eocene of

New Mexico. Five of the genera are new to science.

An especial feature of the Big-Horn collection, as distinguishing it from

those brought from other regions of the Wasatch formation, is the presence

of numerous species of Phenacodus, and of new and rare species and

genera of Coryj)hodontid(B.

II. The Fauna of the Catathl^us Beds or Lowest Eocene op

New Mexico.

A number of new species and genera from this horizon were described

in my Paleontological Bulletin No. 33. The present paper adds a few to

this list. Up to the present time no species of Coryipliodon, and but few

specimens of Hyracotherium have been discovered in this formation, thus

exhibiting a marked contrast to the Wasatch beds. The predominant

genus is Catathlaus, which is represented by one very abundant species.

The genera of Creodonta are mostly distinct from those of the Wasatch.

The Diplarthrous Perissodactyla, so numerous in the Wasatch, are rare

here. The genus which is well represented in both formations, is Phena-

codus; and Mioclcenus occurs in both. Alesodojitaare much less numerous

than in the Wasatch, and Amhlypoda have not yet certainly been found.

This is the only Tertiary formation where the Laramie genus Champso-

saurus occurs. It is represented by three species.

PSITTACOTHERIUM MULTIFRAGUM Cope.

American Naturalist, 1882, p. 156, Jan. 25th.

An interesting new form of this sub-order has been found in the Catath-

Iceus beds (probably the Puerco formation) of New Mexico. It differs

widely from the two genera hitherto known, AncMppodus and TUlothe-

rium. Owing to the absence of the superior dental series, it is not possible

to be sure which is the canine. The inferior dental formula may be there-

fore written, I. 2 ; C. 1 ; P-m. 3 ; M. 3 ; or I. 3 ; C. ; P-m. 3 ; M. 3 ; or

I. 3 ; C. 1 ; P-m. 3 ; M. 3. The first and second incisors are large and

rodent-like, growing from persistent pulps ; the second are the larger.

The third, or canines, are small and probably not gliriform. There is

no diastema. The first premolar (or canine) has a compressed crown

with two cusps placed transversely to the jaw axis, and has a complete

enamel sheath, and probably two roots. The succeeding tooth is also

transverse, and is two-rooted, judging from the alveolus. The first and

second true molars are rooted, and the crown consists of two transverse

separated crests, each partially divided into two tubercles. On wearing,

the grinding surface of each assumes the form of a letter B with the con-

vexities anterior. The last inferior molar is injured. The rami are short,

and the symphj-sis deep and recurved.

Specific characters. The base of the coronoid process is opposite the

junction of the second and third true molars. The ramus is deep and mod-
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erately stout. The enamel of the first incisor does not extend below the

alveolar border, at the internal and external faces, and does not reach it at

the sides. It has a few wrinkles on the anterior face. The anterior enamel

face of the second incisor is thrown into shallow longitudinal grooves with

more or less numerous irregularities from the low dividing ridges. There

is a deeper groove on each side of the tooth, and there are about a dozen

ridges between these on the anterior face. Both cusps of the first pre-

molar are conic, and the external is the larger. The second true molar

is a little smaller than the first. The enamel of the premolars and molars

is smooth, and there are no cingula.

Probable length of dental series, .0750; diameters of I. i : anteropos-

terior, .0120, transverse; .0060 ; diameters I. 2 : anteroposterior, .0160,

transverse, .0115 ; diameters P-m. i : anteroposterior, .0072 ; transverse,

.0130; diameters of M. ii . anteroposterior, .0090, transverse, .0090.

Length of true molars, .0038 ; depth, of ramus at M. ii, .0360.

The short deep jaws of this animal must have given it a very peculiar

appearance, not unlike that of a parrot in outline.

PSITTACOTHERIUM ASPASI^, Sp. nOV.

Represented by two mandibular rami of two individuals, one adult, the

other nearly so, but with the last inferior molar not fully protruded. The
latter specimen must be used for description, as it presents two molar

teeth, while the other specimen has lost them.

The most obvious difference from the P. multifragum is its inferior size,

which can be readily perceived from the measurements given. The pos-

terior crest of the molars appears to have less transverse extent than in

the larger species. This crest in the last inferior molar has a curved

crenate edge, with a small conic tubercle at its external extremity. The
anterior crest consists of two conic tubercles, wiiose apices converge, but

whose bases are closely appressed, and only distinguished by a superficial

fissure. The valley between the crests is uninterrupted. The preceding

molar is larger, and its posterior crest is like that of the lost molar. The
apex of the anterior crest is broken off.

The ramus deepens rapidly forwards, and contains the enormous alve-

olus for the incisors. The coronoid process leaves the alveolar border at

the line separating the last two molars, or, in the smaller specimen, a

little anterior to this point, and is quite prominent. The masseteric fossa

is well marked, but shallows gradually anteriorly and inferiorly.

Measurements.

No. 1. M.
Depth of ramus at penultimate molar 027
Width of last molar anteriorly 008
Length of crown of do 009

No. 2.

Depth of ramus of penultimate molar 029
atP-m.ii 043

Length of five consecutive alveoli 047

From the Puerco bed of N. "W. New Mexico.
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Triisodon heilprimianus, sp. nov.

This species may be readily recognized as smaller than the T. quiviren-

sis, and as having the anterior inner cusp of the inferior true molar of

larger proportions than in the corresponding teeth of the latter species.

It is only represented in my collection by a portion of a lower jaw, which

supports only one well preserved molar. As the fourth premolar is not

present, it is not positively ascertained that the species does not belong to

Ictops.

The anterior cusp is very low, and is nearer the inside than the middle

of the anterior border. The principal anterior cusps are opposite, and the

external is a little the larger. The heel is larger than the basis of the an-

terior cusps, and has convex borders. Its internal border supports three

tubercles, and the external border rises into a cutting lobe with lenticular

section. Enamel smooth. No cingula, but the external base is injured.

Measurements. M.

f . (of cusps .0070
vertical i n r^ -i 005''

Diameters of inferior molar "1

I
anteroposterior 0110

'^ transverse 0065

Puerco beds of New Mexico.

Dedicated to my friend, Professer Angelo Heilprin, of Philadelphia.

Sarcothraustes antiquus, gen. et sp. nov. »

Char. gen. We have in evidence of the characters of this genus, the

last two superior molars, the last one lacking the crown ; and parts of

both mandibular rami, which exhibit teeth as far posteriorly as the first

true molar inclusive ; all belonging to one individual. A part of a skele-

ton of a second individual, which includes a fragment of lower jaw, be-

longs probably to this species.

SarcotJiraustes resembles both Amhlyctonus and Mesonyx, buf it is prob-

ably to the latter genus that it is allied. The last superior molar is trans-

verse, much as in Oxymna. The crown of the penultimate is subtriaugular

and transverse. It has two external subconic cusps and a single internal

lobe, whose section on wearing is a V, each branch of the face extending

to the base of the corresponding external tubercle. There are three small

inferior incisors, and a large canine. There are probably only three in-

ferior premolars, the first one-rooted. The crown of the second has no

heel. The crown of the third has a short wide heel. The crown of the

first true molar consists of an anterior elevated cone and a posterior heel.

The latter is wide, having a posterior transverse, as well as a longitudinal

median keel. The fragments of the supposed second individual include

two large glenoid cavities with strong preglenoid crests, as in Mesonyx.

As compared with Mesonyx, this genus differs in the V-shaped crest of

the penultimate superior molar ; in Mesonyx it is represented by a simple

cone. The last superior molar of Mesonyx is triangular and not transverse,

but the composition of the crown of that tooth in Sarcothraustes must be
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known before the value of this character can he ascertained. If the view

that Savcothravstes has but three inferior premolars be correct, this charac-

ter (listintruishes it from Mesonyx, as do also the transversely expanded

heels of the molars. The family Mcsoriyehidm may be for the present re-

garded as embracing the three genera of Sarcothraustes, Mesonyx and
Dissacus.*

Char. Specif. The penultimate superior molar has a strong posterior

cingulum which commences within the line of the internal bases of the

external cusps, and rises into considerable importance behind the internal

cusp. There is also an anterior cingulum which does not rise internally,

and which is continuous with a strong external basal cingulum. The
latter passes round the posterior base of the posterior cone, and runs into

the posterior branch of the internal V. The posterior cone is smaller than

the anterior cone, and its apex is well separated from the latter. The ap-

pearance of this tooth is something like that of a carnivorous marsupial.

The symphysis mandibuli slopes obliquelj'- forwards, and is united by
coarse suture. The ramus is stout and deep, as compared with the size of

the molar teeth. The roots of the teeth are relatively large, especially

those of the first two premolars. The crown of the canine is lost. The
first premolar points forwards, nearly parallel with the canine, and diver-

gent from the second premolar. The crown of the second premolar is

small and subcon,ic, and has a rudimental heel, and no anterior basal tuber-

cle. The first true molar resembles considerably that of Mesonyx. There

is a small anterior basal tubercle on the inner side of the principal cusp.

The expansion of the heel is ti^ansverse only, there being no longitudinal

lateral edges or tubercles. The enamel is obsoletely, rather coarsely

wrinkled. There are two rather large mental foramina ; the posterior be-

low the anterior root of the first true molar, and the anterior below the

posterior root of the second premolar.

Measurements. >I.

T-.. . ~ • AT •• f anteroposterior externally .015
Diameters of superior M. u J

*

I.
transverse 034

Anteroposterior diameter of base of M. .iii 0095

Anteroposterior diameter base of crown of inferior

canine 020

Length of bases of three inferior premolars 038

i anteroposterior 019

Diameters inferior M. i. \ transverse 0095

i vertical OHO
Depth of ramus at P-m. iii 0520

Width " " 022

* American Xaturalist, Dec, 1881.
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Champsosaukus puercensis, sp. IIOV.

I have already announced the discovery * of this Laramie genus in the

Puerco beds of New Mexico, and described a species, C australis, from

that region. I now introduce two additional species from the same hori-

zon. One of these is represented by a number of fragments which include

three dorsal and four caudal vertebne of apparently one individual. They
represent an animal of larger size than any of those heretofore referred to

Champsosaurus, excepting the C. vaccinsulensis. In all of the vertebra'

the neural arch is more or less coossified with the centrum, and the animal

had probably reached its full size.

One of the dorsal centra is split vertically and longitudinally, and shows

the structure alread}' figured 1)y Leidy in the Ischyrosaurus antiquus\

Leidy. The surface exposed displays two diagonal lines of fissure cross-

ing each other at right angles. They indicate clearly the mode of origin

of this amphiplatyau type of centrum. The centrum is first deeply am-

phiccelous as in the Theromorphous reptiles of the Permian. The conical

cavities are filled by the ossification of the remaining portions of the noto-

chord, forming a conical body which always remains distinct from the re-

mainder of the centrum.

The articular faces of the dorsal centra are a little wider than deep, and

the depth about equals the length of the body. They are not nearly so

depressed as those of C. australis, and their outline is different. This is

wider above and narrows below ; in both C. australis and C. saponensis the

inferior outline is part of a circle. None of the dorsals preserved are

keeled below. There is a fossa below the diapophysis which has a subver-

tical posterior boundary. The general surface (somewhat worn) does not

display wrinkles near the articular faces. An anterior dorsal has a short

compressed diapophysis with a narrow figure 8 articular surface, and its

superior border is in line with the roof of the neural canal. The antei'ior

caudals have subround articular faces ; the posterior are more oval and

the bodies compressed. With greater compression, the length increases.

Measurements. M.

^anteroposterior 025

Diameters of an anterior dorsal < vertical 025
' transverse 030

Height of costal facet of do 021

Diameters neural canal do. \
^'^rtical 007

(. transverse 009

/ anteroposterior 024

Diameters anterior caudal < vertical 021
' transverse 021

^ anteropo-sterior 025

Diameters posterior caudals < vertical 018
' transverse 018

* American Naturalist, 1881. p. 6G9.

t Transac. Amer. Philos. Soc. 1860.

PROC. AMER. PHILOS. SOC. XX. 111. Y. PRINTED APRIL 4, 1882.
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The typical specimen was found Ijy Wni. Baldwin near the Puerco

river, west of the Nacimiento mountain, New Mexico, in tlie typical

locality of the Puerco formation.

Champsosaurus saponensis, sp. nov.

Represented in my collection by six cervical and several dorsal vertebrae,

one only of the latter with well preserved centrum, parts of ribs, and

various other bones, whose reference is not yet certain.

The cervical vertebnc include the os dentatum or centrum of the atlas.

This shows its streptostylicate character in its distinctness from both the

centrum and the free hypapophysis of the axis. Nevertheless it is more

Crocodilian than Lacertilian in form. Its anterior face is transverse, with

a little lip carrying forwards the floor of the neural canal, below which the

face is leveled posteriorly. The inferior surface is narrow and transverse,

as though adapted for the anterior part of the hypapophysis of the axis.

At each side it terminates in a prominent tuberosity, as though for the

attachment of a cervical rib as in theCrocodilia. The anterior face is

bounded posteriorly by a transverse groove which terminates in a fossa

on each side. The posterior articular face of the os dentatum is wider

than deep. The lateral angles of the superior face are rounded, and its

median portion is concave.

The axis displays a large facet for the hypapophysis. Behind it the

inferior middle line is not keeled, but is coarsely wrinkled longitudinally.

The posterior edge of the hypapophysial facet is the most prominent part

of the inferior surface. The posterior articular face is deeper than wide.

This is true of the faces of all the cervical vertebmp. The latter gradually

increase in size posteriorly, and the dorsals become larger. The articular

faces of all the centra are regularly rounded and not contracted below.

The five cervicals are strongly keeled below ; the keel of the third centrum

being split up anteriorly into narrow ridges. On the sixth the keel is

more prominent and acute. The dorsal is not keeled. A trace of the

parapophysis appears low down on the fourth cervical ; it rises and

becomes prominent as a round tubei'osity on the fifth and sixth. It ap-

pears on the superior edge of the centrum of the dorsal vertebra, where

it is connected with the diapophysis. It is near the middle of the length

of the centrum, and not near the anterior border as in C. australis.

The surfaces of the vertebrae are verj^ smooth excepting where thrown

into coarse wrinkles near the borders of the articular faces and near the

hypapophysis. The edges of the articular faces are somewhat revolute

on the sides in the cervicals, but not on the dorsal. They are impressed

in the centre to a point, most strongly so as we pass forwards in the

series. There is a fossa below the space anterior to the parapophysis of

the dorsal vertebra, which is abruptly bounded below by a horizontal

angle. A separate neural spine perhaps of a cervical vertebra, has the

following form. It is stout, and is contracted rather abruptly at the apex

from behind forwards. The section is broadly lenticular, angulate in
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front, and truncate l)chincl. Tlie posterior face lias several longitudinal

wrinkles, including a median I'aised line, and there are some more irregu-

lar wrinkles on the sides.

Measurements of vertebra. M.

Anterior face of os dentatum
^^^^^^^ "~"^

t- depth (oblique) 012

Posterior fivce of os dentatum [
'^'i^^'^-

•
• ^~^

I depth 018

Length os dentatum above 014

(posterior face
j^^^P^l^ 0^2

Diameters axis < I width 020

( length 0185

Hypapophysial facet os dentatum *^ ®P
^^ ^ ^ ^

(width 014

r length 022

Diameters fourth cervical < , • f depth 0225
) anterior

, .

,

„^^
( (width 022

/length 0215

Diameters sixth cervical < anterior ^ *-^^P^^^ ^^^'^

( (width 0235

Spaces between parapophysis and diapophysis of do 0040

r length '. 02(i5

Diameters of dorsal < „„t„,.;^,. < depth 0260
J ameiioi -,

( ( width 0265

Height of neural spine of'?, from postzygapophysis 0210

Anteroposterior width of do. at base 0100

The portions of ribs are separated heads and shafts. The former are

double and therefore cervical, and are quite large. If the shafts belong to

them, the neck of this species must have been wide. The shafts are slender

and are of dense bone. The section is oval at the middle, but towards

the distal extremity becomes flattened and grooved and delicately line

ridged on one side. The extremities of the long bones are without con-

dyles but have concave surfaces like those of the ribs. The bodies are ro-

bust and angular. Thej^ may be abdominal ribs of unusual stoutness.

From the Puerco beds, D. Baldwin.

Stated Meeting, January 6, 1882.

Present, 8 members.

President Fealey in ttie Chair.

Letters of acknowledgment were received from the Anthro-

pological Institute of Great Britain and Ireland (XV, 3 ; 107,

108) ; and the Linnean Societ}', London (105, lOH).
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Letters of envoy were received from the Academie der

Wissenschaften, Wien, Sept. 30, 1881 ; Bibliotbeca Nazionale

Vittorio Eraanuele, Roma, Oct. 20, and the Meteorological

Office, London, December, 1881.

A letter asking exchange of publications was received from

the U. S. Geological Survey, Washington.

A circular letter asking exchange of ])ublications was re-

ceived from the Societe des Sciences de Finlande, Ilelsingiors,

Dec. 10, 1881.

A circular letter, dated December, 1881, was received from

Prof. Dr. RUdinger, in behalf of the Comite iiir die Jubilaums-

feier des Herrn Geheimraths Dr. Th. v. Bischoff'.

Donations for the library were received from the Royal So-

ciet}' of New South Wales ; the Academies at St. Petersburg,

Berlin, Vienna and Turin; Observatories at St. Petersburg,

Turin, and the Cape of Good Hope; Bibliotheca Speculae

Pulcovensis, in St. Petersburg ; Lnperial Society of Natur-

alists, Moscow ; Naturforscher Verein, Riga ; German Geo-

logical Society, Berlin; Zoologischer Anzeiger, Leipsig;

Verein fiir Erdkunde, Halle a-S ; Verein fiir Naturkunde

zu Cassel ; Zoological Garden, Frankfurt ; Oberhessische Ge-

sellschaft, Giessen; M. Hugo von Melt/el; Royal Venetian

Institute ; Royal Lombardy Institute ; Museum of Natural

History, and Revue Politique, Paris ; Society of Commercial

Geography, Bordeaux ; Revista Euskara, Pamplona ;
• Flora

Batava, Leyden; Royal Asiatic, Royal Astronomical, Royal

Geographical, Meteorological, Geological, Zoological, Linnean

and Antiquarian Societies, and the Victoria Institute, Me-

teorological Office, and Nature, London; Mr. John Evans,

F.R.S. ; Royal Geological Societ}^ Dublin; Mr. Horatio

Hale, Clinton, Canada ; American Oriental Society, and Ameri-

can Journal of Science, New Haven ; Dr. J. S. Newberry, New
York; Franklin Institute, and the "American," Philadelphia;

American Chemical Journal, Baltimore; U. S. Geological Sur-

vey, Washington; " The Virginias," Staunton, Va.; American

Antiquarian, Chicago; and the National Museum, Mexico.

The death of Dr. Isaac Israel Hayes, on Dec. 17, 1881, was

announced.
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Dr. Brinton was appointed to prepare an obituary notice of

the deceased.

The death of Dr. John W. Draper, on Jan. 4, 1882, aged

71 years, was announced.

Dr. Hammond was appointed to prepare an obituary notice

of the deceased.

An obituary notice of Mr. W. Milnor Roberts was read.

Prof. Cope presented a fossil lower jaw from the Colorado

basin.

Nominations were read.

Mr. Lesley was nominated Librarian.

The report of the Finance Committee was submitted.

The Committee on the Deposit of MSS. reported progress.

And the meeting was adjourned.

An Obiticary Notice of William Milnor Roberts.

(Furnished by Mrs. W. Milnor Roberts, and read before the AmeoHcan

Philosophical Society, by Frederick Fraley, Januarys, 1882.)

William Milnor Roberts, C. E., whose death occurred at Soledade, pro-

vince of Minas Geraes, July 14th, 1881, was one of the oldest and most

active members of the engineering profession. He was of Quaker descent,

and was born in the city of Philadelphia on the 12th of February, 1810.

His education was received in the best private schools of that city, during

which a special course in mathematics of two terms was spent under the

eminent mathematician, Joseph Roberts. He also pursued a course of

architectural drawing in the first school established by the Franklin Insti-

tute, under the distinguished architect, John Haviland. After entering

the profession of engineering—there were no engineering schools at that

time—he continued his studies, principally in mathematics, of which he

was very fond, during the winter months, the summer being spent in the

field.

Owing to his aptitude for matherJiatical studies and investigations, his

father's friend, Samuel Mifflin, then president of the Union canal company,

of Pennsylvania, advised his adoption of the profession of civil engineer-

ing, an advice whicli he very wisely followed. He received his first em-

ployment in that profession on the Union canal, of Pennsylvania, in the

spring of 1825, lie being then in his sixteenth year. His first employment
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was that of a chainman, his emploj'er was the eminent canal engineer, Can-
A^ass White, and the cluef of the party to whicli he was attaclied was Syl-

vester Welch. His progress in his profession from that time is shown by
the fact tliat at the age of eighieen he was promoted by Mr. White to the

charge of the most difficult section of the Lehigh canal, extending from

Mauch Chunk down for a distance of sixteen miles. In 1829 he published

a description of the Lehigh canal in Hazard's Register.

It was 3Ir. Roberts' rare good fortune to have been connected with the

first railway enterprises in the United States, his career as an engineer be-

ing thus contemporaneous with the beginnings and growth of that greatest

of agents in our modern civilization. Railway engineering in the United

States began, in a crude way, in 182(5 at the Quincy granite quarr^', a

tramway being then constructed for the transportation of stone from the

quarry to the water, a distance of three or four miles. The first railway

of an}- consequence, however, was the Mauch Chunk gravity road, nine

miles in length, between the summit of Broad Top mountain and the head

of the Mauch Chunk inclined plane. The first passenger car m the United

States was put on this road in the early summer of 1827, and Mr. Roberts

was one of the passengers on the first trip down the line. Since those first

small beginnings, this first crude railway of nine miles, the railway sys-

tem of the United States has grown to be the most powerful instrument

of progress of our daj', with its 95,000 miles of iron track netting the whole

surface of the country and carrying wealth into almost every locality.

Side by side with this wonderful material development, Mr. Roberts grew

Into eminence as an engineer, From his first beginning as a chainman,

just one year before the first crude attempt at railwaj' engineering, his ca-

reer was one of steady, substantial growth until the closing hours of his

life, crowned with the highest honors which his profession could bestow

upon him, and ennobled by works whose perfection and usefulness will

be an imperishable record of his worth and fame.

In the course of his long career of fifty-six years as an engineer, -Mr.

Roberts held so many and .so varied positions of trust and responsibility

that a bare enumeration of them would require more space than this brief

ske'ch will admit. The more important of them may be summarized as

follows : In 1829 Mr. Roberts' connection with the construction works of

the Union and Lehigh canals was brought to a termination. In 1830 he

was appointed resident engineer of the Union railroad and a feeder of the

'Union canal. From 1831 to 1834 he was senior principal assistant engi-

neer on the Allegheny Portage railroad, during which time he had charge

of repairs on the western division of the Pennsylvania State canal—from

Johnstown to Pittsburgh—which had been damaged by the great flood of

1832. In 1833, in his 26th year, he received his first appointment as chief

engineer, being called to fill that position on the Harrisburg and Lancas-

ter railroad. In 1836 he accepted the chief engineership of the Cumber-
land Valley railroad which he held during that year and a part of 1837.

During this time he planned and built the first combined railway and
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common roud bridge, whicli crossed the Susquehanna river at Ilarrisburg.

From 1837 to 1841 he tilled the office of chief engineer on the Mononga-

hela river improvements, the PeQns3'lvania State canal construction works,

the Erie canal, and the Ohio river improvements. In 1841^2 he was a

contractor on the Welland canal (Canada) enlargement. In 1843-44 he

was chief engineer for the Erie canal companj', and from 1845 to 1847 he

was chief engineer and trustees' agent for the Sandy and Beaver canal

company, of Ohio. In 1848 he was appointed by the Legislature of Penn-

sylvania to make a survey to avoid, if possible, the Schuylkill (Philadel-

phia) inclined plane. In 1849 he declined the chief engineership of the

first projected railroad in South America, to accept that of the Bellefon-

taine and Indiana railroad, of Ohio, where lie remained until 1851. From
1852 to 1854 he was chief engineer of the Allegheny Valley railroad, con-

sulting engineer for the Atlantic and Mississippi railroad, contractor for

the ^:hole of the Iron Mountain railroad, of Missouri, and chairman of a

commission of three appointed by the Pennsylvania Legislature to examine

and report upon routes for avoiding the inclined planes of the old Alle-

gheny Portage railroad. From 1855 to 1857 he was contractor for the en-

tire Keokuk, Des Moines and Minnesota railroad, consulting engineer for

the Pittsburgh and Erie, and Terre Haute, YandaMa and St. Louis railroads,

and chief engineer of the Keokuk, Mt. Pleasant and Muscatine railroad.

In December, 1857, Mr. Eoberts sailed for Brazil to examine the route

of the Dom Pedro II railway with the purpose of bidding for its construc-

tion. In 1858, as the senior member of a firm of American contractors, he

concluded a formal contract in the United States with the Brazilian minis-

ter, Sr. Carvalho de Borges, for the construction of this road, and in the

following year he returned to Brazil and took active charge of the work.

He remained on the work, which exhibits some of the finest railway engi-

neering and construction in the world, until the completion of the con-

tracted work in 1864. During the remainder of 1864 and a part of 1865 he

visited various railwaj'S and public works in Brazil and the Platine repub-

lics, returning to the United States in the latter part of 1865.

Soon after his arrival in the United States Mr. Roberts took charge of

the surveys for the Atlantic and Great "Western railroad, which he com-

pleted in April, 1866. After some miscellaneous work in the West, he

was appointed in 1866 by the Secretary of War, Edwin M. Stanton, as

United States civil engineer-in-charge of the Ohio river improvement,

which position he held until 1870, when he resigned to accept the chief

engineership of the Northern Pacific railroad. In 1868-69 he helci, also,

the position of associate chief engineer of the great bridge over the Missis-

sippi at St. Louis. He retained the position of chief engineer of the North-

ern Pacific until his departure for Brazil in January, 1879. During his

occupation of this last position he examined and reported upon several

railways and the water supply of the cities of Pittsburgh and Philadelphia.

In 1874 he was appointed by the President of the United States as a mem-
ber of a commission of civil and militaiy engineers to examine and report
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upon plans lor the improvement of the mouth of the Mississippi river. In

1877 he located the Nictaux and Atlantic railroad in Nova Scotia. During

the year 1876 he held the position of vice-president in the American So-

ciety of Civil Engineers, and at the close of 1878 he was elected president

of that society for the ensuing year.

Toward the close of 1878 Mr. Roberts accepted the appointment of the

Brazilian Government for an examination of the ports and water-ways of

the empire with reference to their improvement. Mis contract was for a

period of three years, beginning with 1879, only six months of which re-

mained unexpired at the time of his death. He left New York on the 4th

of Januarj% 1879, and arrived in this city on the 27th of the same month.

He was at once charged with an examination of the port of Santos, and

entered upon his new work in the following month of February. This

task was completed in June, and on the 31st of August Mr. Roberts set

out for an extended examination of the Upper Sao Francisco. He was ac-

companied on this survey by Prof. O. A. Derby, of the National ^luseum,

Mr. Rudolf Wieser, assistant, and by several young Brazilian engineers.

This survc}' was the most difficult and important one upon which Mr.

Roberts was engaged, the field work alone occupying a period of over six

months. After a long interval had elapsed, during which time he served

on a commission to report upon the new water-works of this city, Mr.

Roberts was commissioned with the examination of various northern ports,

and in two separate trips made careful surveys of the ports of Pernambnco,

Fortaleza, Maranhao, Victoria, Caravellas, and several other small ports.

Very recently he was instructed to examine the port of Rio Grande, but

this work was afterwards deterred in order to have an examination made

of the Rio das Velhas, province of Minas Geraes, during the season of low

water. Accompanied by Prof. O. A. Derby, geologist, and Mr. J. W. de

Aguiar, assistant, Mr. Roberts set out on this, his last survey, on the 2d of

July, 1881. He was compelled to suspend his journey on the 7th, at a lit-

tle settlement, or railway surveyors' camp, called Soledade, where an in-

disposition which had been troubling him for some days, developed into

typhus fever. He died on the evening of July 14th,- 1881, in the 72d year

of his age, and was buried on the following day in the parish cemeteiy of

Caramandahy, seven leagues beyond the city of Barbacena, Minas Geraes.

Stated Meeting, Jamtary 20, 1882.

Present, 7 members.

Vice-President, Mr. Pricp:, in the Cliair.

Letters were received from the Imperial Society of Natur-

alists of Moscow, dated Dec. 13, 1881, and January, 1882,

asking the participation of this Society in the celebration of
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tlie 50th Anniversary of Mr, Charles Renard's connection

with their Society.

A letter was received from the Franklin Institute, dated

Jan. 9, 1882, requesting Transactions XV, 3, and Parts 1 and

3 of the Catalogue.

Donations for the Library were received from the Natur-

forscher Vereins, Eiga ; Zoologischer Anzeiger, Leipzig

;

Academia dei Lincei, Roma ; Socie'.e de Geographic, and

Revue Politique, Paris ; M. le Vicomte H. de Charencey

;

Roj^al Academy, Brussels ; Journal of Forestry, Nature and

the Greenwich Observatory, London
;
Natural History Society,

and American Statistical Association, Boston ; Museum of

Comparative Zoology, and the Astronomical Observatory

of Harvard College, Cambridge ; Franklin Institute, American
Journal of the Medical Sciences, Journal of Pharmacy, the

" American," and the Directors of the Reading Railroad,

Philadelphia ; West Chester Philosophical Society
; U. S.

National Museum, Washington; and the Ministerio de Fomcnto,

Mexico.

On motion of Prof Kendall, Mr. Lesley was elected Libra-

rian.

The following members were placed upon the Standing

Committees

:

Finance. Hall.

Eli K. Price, S. AV. Roberts,

Henry Winsor, J. S. Price,

John Price Wetherill. W. A. Ino-ham.

Pvhlication. Library.

J. L. LeConte, Eli K. Price,

D. G. Brinton, C. P. Krauth,

E. Thomson, R. S. Kenderdine,

C. M. Cresson, E. J. Houston,

G. H. Horn. Henry Phillips, Jr.

A letter from Dr. J. T. Rothrock, of Pecembcr 20, 1881,

PROC. AMER. PHILOS. SOC. XX. 111. Z. PRINTED APRIL 14, 1882.
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with a request for the loan of the Muhlenberg Herbarium

to Dr. Gray of Harvard, was read ; and it was, on motion,

Resolved, That the Secretary be authorized to deliver to the order of Dr.

Gray, the Muhlenberg Herbarium, in whole or in part, on the receipt of

his agent to return the same.

Resolved, That ten dollars be appropriated for the payment of the ex-

pense of labeling the Herbarium, in accordance with Dr. Gray's forth-

coming work.

On scrutiny of the ballot-boxes the following persons were

declared duly elected members of the Society :

Mr. William Blades, of London.

Mr. William Trantwine, of Philadelphia.

Rev. Samuel Savage Lewis, of Cambridge, England.

Mr. William Jefferis, of West Chester, Penn.

Hon. Washington Townsend, of West Chester, Pa.

And the meeting was adjourned.

Stated Meeting, February S, 1882.

Present, 6 members.

President, Mr. Fraley, in the Chair.

Letters of envoy were received from the Muses Guimet,

dated Lyons, January 7, 1882 ; H. Scheffler, Braunschweig,

December 6, 1881 ; and the Torrey Botanical Club, 7 Waverly

Place, N. Y. City, January 21, 1882.

A letter of thanks for the aotion of the Society at its last

meeting in regard to the Muhlenberg Herbarium, was received

from Dr. Asa Gray, dated Cambridge, January 25, 1882.

A letter from Mr. Leighton Hoskins, dated Philadelphia,

February 3, 1882, requesting the loan of the volumes of the

Ercolano Bronzi in the Library, was referred to the Secretaries

with power to act.

A circular letter was received from the Royal Society ot

New South Wales, dated Sidney, November 2, 1881.

Donations for the Library were received from the Depart-
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ment of Mines, Melbourne ; Royal Academies at Berlin, Rome,

and Brussels ; Zoologisclier Anzeiger, Leipzig ; Dr. Hermann
Scheffler, Braunschweig ; Revue Politique, Paris ; Society of

Commercial Geography, Bordeaux ; Royal Astronomical So-

ciety, Cobden Club, and Nature, London
;
Natural History

Society, Boston ; Harvard College Library ; American Jour-

nal, New Haven ; Numismatic and Archaeological Society,

and Torrey Botanical Club, N. Y. City; Engineers' Club,

Penn Monthly, the American, and Mr. Henry Phillips, Jr.,

Phila. ; U. S. Census Bureau, Washington
; and Prof. N. H.

Winchell, St. Paul.

Prof. John Hagen's paper, " On the inclination of the appa-

rent to the true horizon, and the errors rising thereof in Tran-

sit, Altitude and Azimuth-Observations," was submitted for

the Proceedings.

Mr, Ashburner exhibited a specimen of Colorado Anthra-

cite, and spoke of its composition.

Remarks on the subject were made by Messrs. Price and

Britton.

Pending nomination No. 935 and new nominations Nos. 951

to 955, were read.

Mr. Henry Phillips, Jr., for the Committee on the Celebra-

tion of the Birthday of Franklin, made the following report,

which was accepted and the Committee discharged.

January 28, 1883.

A special meeting of the Society was held this evening at six o'clock, at

the Social Art Club, No. 1811 Walnut Street, pursuant to a resolution of

the Society to celebrate the Birthday of Benjamin Franklin by a subscrip-

tion dinner, at which were present :

President—Frederick Fraley.

Secretary—Daniel G. Brinton, M. D.

Curators—Charles M. Cresson, M. D., Henry Phillips, Jr.

Treasurer—J. Sergeant Price.

Councillors—Robert E. Rogers, M. D., Henry Winsor, William A.

Ingham.

Members—S. D. Gross, M. D., Robert H. Allison, M. D., William Sel-

lers, Eckley B. Coxe, William Pepper, M. D., C. N. Peirce, M. D., Joseph
M. Wilson, J. Blodget Britton, Theo. G. Wormley, M. D., Wm. B. Rog-
ers, Jr., B. B. Comegys, William Thomson, M. D., John Welsh, Morris
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Longstreth, M. D., Henry llaitslionie, 31. D., J. Price Wetherill, Carl

Seiler, M. D., William Goodell, M. D., Frank Thomson, Robt-rt Patterson,

Edward D. Cope, Cliarles S. Wurts, M. D.

Dinner was then served, and interesting addresses were delivered by

Frederick Fraley, President ; S. D. Gross, M. D., Hon. John Welsh, Rob-

ert E. Rogers, M. D., William Pepper, M. D., Eckley B. Coxe, and E.

D. Cope, and at 10 o'clock p. m. the meeting adjourned.

Mr. Ashburner introduced the subject of a bill before Con-

gress for establishing a Government Bureau of Mines.

On motion of Mr. Price, the consideration of the propriety

of the Society's recommending to Government either the es-

tablishment of such a bureau, or the establishment of an execu-

tive department to take charge of the agricultural, mining

and commercial interests of the nation, was referred to a com-

mittee consisting of the President, Mr. Frale}'-, as Chairman,

Mr, Ashburner and Mr. Price.

And the meeting was adjotirned.

On the Inclination of the Apparent to the True Horizon and the Errors

rising thereof in Transit, Altitude, and Azimuth- Observations. By John

Hagen, 8. J., College of the Sacred Heart, Prairie Du Chien, Wisconsin.

(^Read before the American Philosophical Society, February 3, 1S82.)

In the year 1875, Mr. Hann, editor of the "Zeitschrift der Oesterreichi-

schen Gesellschaft fiir Meteorlogie, " called attention to a special kind of

irregularities in the figure of the earth, which hitherto were not sufficiently

taken into account. According to him tlie most important perturbation of the

ellipsoidal level of the sea arises from the continents attracting the waters of

the surrounding oceans. (See Mittheilungen der geogr. Gcst-llsch. zu

Wien, N. 12, 1875.) He supports his statement by the fact, that the con-

tinents are to be compared to large mountains, which by necessity, must

disturb the level of the sea in the same way, as the Cordilleras of South

America, the Apennines in Italy and the Shehallien in Scotland were able

to deviate the plumb-line, and again by the fact, that the force of gravity on

islands was in average found greater than was forecast by calculation, from

which Dr. Hann concludes that the level of the oceanic islands be lower

than that of the shores of the continents. He estimates in general the ver-

tical distance between the disturbed and the undisturbed level of the sea
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to more than one thousand meters, and finally proposes the following

problem to be solved :

To find such an Ellipsoid of Revolution, 1, as has the volume of the

Earth; 3, that the sum of the Earth's elevations and depressions with regard

to this Ellipsoid become a minimum.

This problem, however, as given by the author, seems to be indeter-

mined, unless a third condition is added, viz. : that the rotation axis of the

Ellipsoid is parallel to that of the Earth and their centres coincide.

Mr. Hann is of the opinion that the solution of this problem would afford

the solution of another problem, open already a century ago, viz. : the

answer to the question, v^^hy the meridian mensurations and the observa-

tions of the second's pendulum, made on different points of the surface of

the Earth, afford such different values for the compression of the Earth ?

These observations, he says, ought to be reduced not to the actual level of

the sea, but to the level of that regular ellipsoid to be found by the above

problem, whose compression could then be found from these observations

with greater accordance.

The treatise here published is intended not to solve Hann's problem, but

to take one step farther towards its solution. This solution seems to be an

impossibility as long as the inclination of the apparent towards the true

horizon is not known, for as many places as possible, both as to magnitude

and direction. On the following pages, therefore, the formulas shall be

developed by which both the influence of this inclination on astronomical

observations will be shown and the way suggested, how to determine its

magnitude and direction. Astronomers are well aware of the influence

that the deviation of the plumb-line exerts on finding the longitude and

latitude of a place and have begun to distinguish between the geodetic

and the astronomical position of a place. By the latter expression they

mean the longitude and latitude of the apparent liorizon; in other words,

the apparent longitude and latitude of a place.* It is, however, evident,

that for parallactic observations and especially for the transits of Venus

and Mercury, not the apparent but the true longitude and latitude are

needed. Consequently the following pages, though not giving direct

means for finding the true position of an observatory, might be of some

interest, as they at least call attention to the errors caused by the inclina-

tion of the horizon on astronomical observations.

Let the pole of the true or mathematical horizon be denoted by Z, and

that of the apparent, or as we may call it, physical horizon by Z', then the

arc Z Z' represents the inclination of the latter towards the former as to

magnitude and direction. We resolve it into two rectangular components,

one of which « may lie in the vertical plane of the instrument used, its

positive direction being towards the "sight-line" of the observer, while

the other component, ^, may be positive right-hand of the observer. In

case of an artificial horizon part of the inclination a may be caused by the

*XoTE.—About this distinction see Chauvenet's Manual of Spherical and Prac-

tical Astronomy, Vol. i, Art. 86, KiO, 213.
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instrument and the piers on which it rests, hence, the distance of the arti-

ficial horizon varying with the zenith distance of the object observed, this

part of the inclination a will be a function of the zenith distance, wliile the

rest as well as the inclination ^ will be the same for the same azimuth.

Now it will not be difficult to convince onQ?,Q\i that the inclination a cannot

influence but the observation of zenith distances and the inclination ji but that

of azimuths and hour-angles. Nor is it difficult to foresee, that the inclina-

nation a will have a similar efiect as the flexure of the telescope and gradu-

ated circle on account of their gravity, while the inclination ,3 is compara-

ble to the inclination of the horizontal rotation axis to the true horizon.

The former two are functions of the zenith distance and may therefore be

represented by periodic series, whose terms involve the sines and cosines

of its multiples, while the latter two are merely functions of the azimuth.

Part I.

—

Influence of the inclination j3 on Azimuth- and Hour-angle Ob-

servations.

We shall first suppose any altitude and azimuth instrument exactly ad-

justed so that the axis of collimation describes a great circle passing through

the true zenith, and consider the infiuence exerted by the inclination of

the artificial horizon on observations by reflection.

1. Fundamental Formulas.

If C denotes the point, in which the axis of collimation produced towards

the eye-piece meets the celestial sphere, and Z the true zenith, the arc ,3

will be perpendicular on the vertical plane C Z in the point Z. (Fig. 1.)

FIG.1.

%

e.

^'

Again if through the end of the arc ,3 and through C a great circle is put,

the observed object S will be in this circle in the moment, when its re-

flected image passes over the middle thread of the telescope. From S let

a perpendicular be drawn on the vertical plane of the instrument, which

may be intersected in S\ and let S and Z be joined by the arc of a

great circle. Finally, let the small angles at Z and C be denoted respec-

tively by d A and C, and ,} be taken positively right-hand of the observer.

Then we are not to forget, that ZC = ZS, i. e., equal to the true zenith

distance z of the observed object in the moment of observation. Now in

the isosceles triangle S Z C we have

cos z = cot C sin d A — cos z cos d A,
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or introducing the angle ,3 instead of C by the formula

tan
fi
= tan C sin z

we have
(1 -f cos '^ A) tant ,3 = tan z sin d A,

or simpler,

d /J = 2 ;? cot z, (1)

which is the correction of the azimuth, for observations by reflection.

There the azimuth is to be reckoned from south to west etc., and j3 right-

hand of the observer.

The correction of the hour-angle may be derived from formula (1) by

means of the well-known differential formula,

sin z
dt= . dj,

cos d cos p '

where p denotes the parallactic angle and 8 the declination of the observed

object. Thus we find

cos z
^^^ = 3,}--^^^ (2)

For upper or lower culminations we have cos p =r 1, hence

cos z
dt = 2 ,5 ,. (2')

' cos 8
''

For the sake of verification, this last formula may also be derived in the

following way. Considering the great circle C Z S^ as the meridian and

joining S with the north pole N we have in the triangle S S^ N
sin S SI

sm dt = ^^„ ^ .

cos 8

But in the triangle S S^ C we have in like manner

tan S S' = tan C sin 2 z,

since Z S^ may be put equal to z and finally we have as above

tan ,5 = tan C sin z,

hence,

sin 2z
tan S S' = tan /5 . =: 2 tan y3 cos z

and consequently by combining the first and last equation and supposing

dt and ,5 to be very small angles

cos z

2. Ihe azimutJi instruments.

The correction of the azimuth for the observation by reflection

d ^ r= 2 ;S cot z (1)

has the meaning, that in such observations the actual reading of the azi-

muth is by d A too smitll, as long as /5 is positive right-hand of the observer.
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If we now compare this correction with that for the inclination of thehori

zoatal rotation axis to the true horizon we find both coincide except their

constants. For if b denotes tlie elevation of the right-hand end of this

axis above the true horizon, the correction of the azimuth is

f
— for direct image.

d.^^=Fbcotz|_j_ « reflected"

as may be found in any Manual of Spherical Astronomy. Joining both

corrections we have

for direct image d A = — b rot z

" reflect. " d ^ = (2fi -f b) cot z — — (b — d) col z.

if we put

d = 3 (,5 + b) (3)

Hence the usual formula for correcting azimuth observations is to be

modified for observations by reflection. For direct observations this form-

ula is

& = A -\- J A — b cot z — c cosec z, (4)

where a denotes the absolute azimuth of the observed object, A the actual

reading, J A the index correction of the circle, so that A -{- J A denotes

the azimuth counted from the meridian point of the circle, b denotes as

above the elevation of the right-hand end above the true horizon and 90^

-f c is the angle formed by the axis of collimation with this same end.

Hence for observations by reflection we have

a — A + A A — (b — d) cot z — c cosec z (5)

where z is not the reading of the vertical circle, but the zenith distance of

the observed object. As we have defined the constant b as the inclination

of the horizontal rotation axis to the true horizon, we, of course, cannot

And it in the usual way with the striding level, this instrument being itself

inclined to the true horizon by the unknown angle fi. Hence we shall first

find the constant d = 3 (,'i + b), which may be done in two ways, first by

the striding level applied to the horizontal axis, which will give us

,5 + b = id,

and secondly by observing the direct and reflected images of stars. Let

be the sidereal time, when the direct image of a star passes over a cer-

tain azimuth and fl^ the sidereal time, when the reflected image of the same

star passes over the same azimuth, then we have the two equations

direct image a = J + J /J — b cot z — c cosec z.

reflect. " a^ = /J + J .J — (b - d) cot z^— c cosec z\

If now the observed star did not pass very near the zenith, we may ne-

glect the two quantities

b (cot z — cot z') and c (cosec z — cosec z')

as small of the second order and find by subtraction of the above equations

d a' — a
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For Zg may be takeu the mean value of the two nearly equal zenith dis-

tances z and z^, and if the instrument had no vertical circle, it may be

computed from the declination, the latitude and the mean hour angle.

Again we have
d .-1 ^

d A
where denotes the variation of the azimuth in the unit of time for the

dt

moment i (d^ -\- 0).

Thus far it has been shown, how to find the value of d for one single

azimuth, but it will be necessary to have the means of computing it for

any dzimuth. From the theory of the azimuth instruments it is known,

that b is represented by the formula

b = i — io cos (A — Jo)-

where i denotes the inclination of the horizontal axis to the azimuth cir-

cle, i„ the inclination of this circle to the true horizon, while A is the azi-

muth of the observed object and J„ a constant explained by the formula

itself. The inclination ^3 of the artificial horizon may be represented by a

similar formula

;i = — hsm(A—A,), (6)

where i, is the constant deviation of the plumb line caused by local irregu-

larities in the figure and density of the earth, Ai the azimuth of its direc-

tion and A the azimuth of the observed object. Hence we find

id = _; -I- b = i — i„ cos (A — Ao) — h sin {A — A^)

= i— cos A Cio cos A^— '\ sin AO — sin A (i^ sin A^ -f ij cos Ai)

or if we put

iocos J„ — ii
sin .^i^i^cos /J._j] .^

i, sin A^ + ij cos A^ — ij sin Ai

)

we find by a simple transformation

1 d = ,5 + b = i — ij cos {A — A.^) (8)

To find the three constants i, ij and A.^ three observations are sufficient,

which may be equally distributed in the usual Way. Let d^, dj, ds be the

values of d, corresponding to the three azimuths A, A -\- 130°, A + 240°

we find from (8)

i di = i — ij cos {A — A-i)

i d^ = i + i
i., cos [A — A.) -f k h sin iA — ^2) vT

i dj = i + i ij cos {A — Ai) — h'h s'" (.A — A.^) 1/3"

and by adding and subtracting these equations

i = \ (di + d, + d3)

i, cos {A — A.,) = ^ (d^ + d^ —2di)

1
i^ sin (^A-A,) = ^^ (d, - d,.

)

(9)

If therefore either of the methods mentioned before, viz., by the striding

PROC. AMER. PHILOS. SOC. XX. 111. 2a. PRINTED APRIL 14, 1882.
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level or by observations of the (lireot and reflected image, is applied to

three difierent azimuths, dividing the circle into three equal parts, the three

constants i, ij and A^ may be found by these formulas, and hence also the

constant ^d may be computed for any azimuth by the formula

^d^i — i, cos (.-! — . -I .,) (8)

Thus we see, that b cannot be obtained in the usual way, before the col-

limation constant c has been found. But if the time is known, we may
succeed in finding c in the following way: Let be the sidereal time,

when the direct image passes over any azimuth, and 0^ the time, when the

same star passes over the same azimuth of the reversed instrument, then

we have the two equations

a ^= A -\- J A — b cot z — c cosec z

a} = A -\- J A — b cot z' 4- c cosec z^

If again the star in the moment of observation did not pass very near

the zenith, the quantity b (cofz — cot z^) may be neglected as small of the

second order, hence we find by subtraction of the two equations

c = ^ (a' — a) sin z^

where z„ is a mean value of z and z^ and may be computed from the dec-

lination, the latitude and the mean hour-angle. Again we have

dA
^^-^= dt-(^'-^)

1 A
where -^ denotes the variation of the azimuth in the unit of time for the

moment ^ (6^ + <?)•

If we now suppose the reading of the azimuth corrected as to the colli-

mation constant, equation (4) becomes

a = .-1 -f J .4
—- b cot z. (4')

Again, if we observe the time of transit over the same azimuth for difierent

stars, any two observations will aftord an equation of this form,

a^ — a sin z^ sin z

^ — cot z — cot z^ — *^^' ~ ^^ sin(zi— z)-

The factor of (a^ — a) will turn out very small, consequently, b will be

found with great exactness, if any star near the zenith is combined with

any near the horizon. The quantities a and z may be computed from the

hour-angle t by the formulas

sin z sin a ^ cos d sin t

sin z cos a = — cos ^ sin <5 + sin <p cos 8 cos t,

where d denotes the declination of the star and ^ the latitude of the place.

The latter equation may be changed into the following form, more con-

venient for logarithmic computation :

sin z cos a = — m cos ( ^ -j- M),

if we put
sin o = m cos M, cos o cos t = m sin M.
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If thus b is found for any azimuth, J A may be computed from (4^)

.

Yet b varies with the azimuth and is represented by the formula

b = i — i„ cos (A — Ao)-

The constant i is already known from the equations (9) and hence it is

enough to find b for any two azimuths in order to find i^ and Ao- If we
choose the two azimuths A and A + 90", we find

bi — i = — io cos (A — Ao)

^2 — i = + io sin U — Ao),

by which equations the two quantities i^ and A^ are fully determined.

Thus we are able to compute b for any azimuth by the formula

b = i — ioCos (A — Ao)-

But from (7) we have the equations

ii sin Ji = + i„ cos A^ — i^ cos A^ -.

ij cos A = — i, cos A -j- ij sin A^j ^ ^

by which we finally find ij and Ai, i- e., the constant inclination of the ap-

parent to the true horizon, as far as it is caused by irregularities in the sur-

face of the Earth, and the azimuth of its direction. This constant inclina-

tion ij hoAvever, is not yet the total inclination Z Z^, since large instru-

ments together with their piers may cause an inclination of the artificial

horizon variable with the zenith distance of the observed object, as will

be seen in Part II.

Finally, attention must be called to two things. First, if the observa-

tions mentioned above are made on different days, the positions of the

stars are to be reduced to a common epoch, best to the beginning of the

year. Secondly, though we have found the formulas for finding the con-

stant inclination of the apparent to the true horizon as to magnitude and

direction, we are not to forget, that these formulas suppose the perfect

knowledge of the latitude and time of the place.

3. Tlie Transit instrument in the Meridian.

The correction of the hour-angle for observations by reflection

cos z
dt = 2 i9 : (21)

' cos $ ^ '

has the meaning, that in the moment, when the reflected image of any ob-

ject passes over the middle thread of this instrument its actual hour-angle

is dt for upper transits and 180^ + dtfor loicer transits, if b is reckoned

positive right-hand of the observer. Yet for these instruments the inclina-

tion /3 of the apparent horizon remaining always on the same side, it will

be found more convenient to take /3 positive towards west and conse-

quently to write the corrections for lower transits as follows :

cos z

while dt always denotes the increment of the hour-angle, which is reckoned

in the usual way from south to west.
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For upper culminalious we liavo

z =: + (^ — 'J) culmination south of the zenith

z = — {f — S) " north " "

and for lower culminations z = 180^ — (^ + 'J), hence the corrections for

the hour-angle arc

cos {<p — 5)
for upper culm, dt := 3 ^? cos d

cos (fT + i))

" lower " dt = 2 ,}
^—^

—

-.
' cos d

If again we compare this correction with the one for the rotation axis

not lying parallel to the horizon, we find them coincident, except the con-
stant. For if b denotes the elevation of the west end of the rotation axis

above the true horizon, we have the usual formula for upper culminations

cos (^ d)
^ _ for direct image

^ " COS,? (+ '• reflect. "

and for lower culminations

_ cos (y 4- (?) c _ for direct image
dt t- b ^^g^ «+ " reflect. "

whore dt has the same meaning as above. Joining the two corrections and
putting 2 (^? -f b) = d, as before, we find

For upper culminations.

COS (cp — d)
direct image dt = —

COS d

cos (w — d)
reflect. " dt = — (b — d)

^^—

,

^
' cos S

For lower culminations.

COS (^ + ii)

(11)

direct ima2;e dt = —
cos ij

COS (^ + d)
reflect. " dt = — (b — d) •

.^ ^ cos d
J

where dt denotes the increment of the hour-angle. We need not consider

separately the formulas for lower culmination, as we maj'^ deduce them
from those for upper culmination at any time by simply substituting

1800 — 5 for S.

In consequence of these considerations the formulas of Tobias Mayer,
Bessel and Hansen are to be modified for observations by reflection as fol-

lows : Mayer's formula is the following

cos (^ -|- y) sin ((p — d) c
^

cos 5 "I" cos d '' cos d

where r ^=- — dt is the hour-angle east of the meridian, b the elevation of
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the west end of the rotation axis above the true horizon, 90° — k the azi-

muth of this west end and 90° -|- c its angle with the line of collimatioa.

Bessel's formula is

7 = m -f-
n tan il -{- e sec il,

and finally, Hansen's formula

T = b sec
(f

-\- n (tan d — tan (f)-\-c sec d,

where n denotes the declination of the west end oC the rotation axis and
90° — m its hour-angle. All these constants are in the following relations

to each other

:

n = b sin ^ — k cos ^ b = u sin ^ -f m cos ^ ")

m := b cos ^ + k sin ^ k = — n cos y; + m sin ^ j
^ -'

For observations by reflection the constant b and consequently m and n

are to be changed, say into b^ m^ n\ by the following formulas :

bi = — 2 ^3 —

b

=b — d

m^ = m — 2 (j3 -\- b) cos ^ =: m — d cos ^
n^ = n — 2 (^5 -\- b) sin ^ = n — d sin (p.

Hence the three formulas of Maj'er, Bessel and Hansen become for obser-

vations by reflection,

cos (^ — ()) sin
(<f
— <)) c

T = (b - d) -—-^ + k ^"c^j— + ^;^5
cos (^ — f})

T = m -f n tan ^ 4- c sec (J — d '^(^

T = (b — d) sec ^ -f- (n — d sin ^) (tan d — tan (r) -j- c sec 5.

As to determining the constants of these formulas, it will be seen, as in

case of the azimuth instruments, that they cannot be found, unless the

time of the place be known. First we will find the constant d, which may
be done in two difierent ways, viz : by the striding level, which, being

itself inclined to the true horizon by the angle /3, cannot give the value of

b, but it gives the value of

,? + b = i d

;

or by observing the transits of the direct and reflected image of a star.

Let T and T^ be the mean values of time for all the transits reduced to the

middle thread for direct and reflected image, A T the clock correction on

sidereal time and a the star's apparent right ascension, then is evidently

a = T-fJT + T, hence

cos(^— fj) sin (^— ij) Q
for direct image a =T+JT + b -^osT" + ^ "co^^" + B^5

cosC^— (Y) sin (w — o) c
"reflect " a= T> + J T -f (b-d) -^^^^ + k -^^^ -f ^^

and by subtraction

d T' — T cos
,j
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which determination will be the more exact, the greater cos {<p— <5), i. e. the

nearer the observed star passed by the zenith.

The collimation constant is found in the usual way either by reversing

the axis, or by using two horizontal collimating telescopes, and the con-

stant n by observations of the upper and lower culmination. If then, we
suppose the times of transit already corrected as to the errors arising from

c and n, we find from Bessel's formula

for direct image a = T -f J T + m
cos (w — ,J)

" reflect. " a = T^ + J T + m — d —^^^
—

-

and from Hansen's formula

for direct image a = T-|-jT-|-b sec ^
" reflect. " a = T^ -f J T + (b — d) sec ^.

By these formulas it is made evident, that neither vi nor b can befound inde-

pendently of the clock correction. But if this is known, Bessel's formula

will give the constant m, or Hansen's formula b. The azimuth constant

k may be determined by observations of upper and lower transits or be

computed from (12). Thus, b being found, we may finally determine

d
.9 = y-b.

i. e. the west inclination of the apparent to the true horizon.

4. The Transit Instrument in the Pi'ime Vertical.

From the general formula

cos z
•^^ — " 1^ cos d cos p

(^)

we shall obtain the formula for the transit instrument in the prime vertical

by finding the value of cos p for the azimuth A = 90° and substituting it

in the above formula. We have in general

cos p sin z = cos 5 sin ^ — sin d cos ^ cos t.

But for the prime vertical we have the three special equations

sin z = cos ij sin t

cos y> cos z

cos S = :

cos t

sin 8 = sin ^ cos z.

Substituting these quantities successively into the three members of the
general equation we find

cos p cos (J = sin ^ cos ^ cos z tan t.

But from the three formulas for the prime vertical follows

tan z
tan t = -—,—

cos ^
consequently,

cos p cos S = sin <p sin z,
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hence we have for observations by reflection with the transit instrument

in the prime vertical the correction of the hour-angle.

dt = tanzsin^ (1^)

The meaning of this correction is, that in the moment, when the re-

flected image of any object passes the middle thread of this instrument,

the actual hour-angle of the object observed is W^ -\- dt or 270^ -j- dt,
ft

being positive right-hand of the observer. Yet as also for this instrument

the inclination /3 of the apparent horizon remains always on the same side.

It will be found more convenient to take
ft

positive towards north and

consequently to write the correction of the hour-angle as follows :

2/5 ( + Star west
dt = ± . -. 1 .,tan z sm ^ (

— east.

If we now compare this correction with the one for the rotation axis not

lying parallel to the horizon, we find them coinciding except their con-

stants. Let d denote the sidereal time, when the star passed over the true

prime vertical, and T the clock time, when it passed the middle thread of

the instrument, and finally, J T the correction of the clock on sidereal

time, then the theory of this instrument gives us these formulas for direct

observations

^ = T + JT + tanz^siny + sl^ + sin z'sin y
^tar west

r^ .m b k c
/I :^ T 4- J T i -t-

— " east^ tan z sm ^ ' sin ^ sm z sm ^
where b denotes the elevation of the north end of the rotation axis above

the true horizon, 180° — k the azimuth of this same end, and 90° -j- c its

angle with the sight-line of the telescope. For observations by reflection,

180° — z is to be substituted for z, which changes only the sign of b. But

besides this, the artificial horizon being inclined to the north, the reflected

image will be observed after the star passed over the prime vertical in the

west and before it passed over the same in the east. Hence, if we put

d = 2 (;? + b) as before, the first fraction of the above equations becomes

_ b + 2/? b-d
tan z sin ^ — + tan z sin ^

^^^^ ^®^*

b + 2/? _ b —

d

" tan z sin ^ tan z sin ^
Hence the two formulas for the transit instrument in the prime vertical

are to be modified for observations by reflection in the following way :

^ = T + zl T + tan^liny + siT^ + sin z'sin y
^tar west

b —

d

k c
(9 — T + J T — -. -. 4- — -. ;— " east.^ tan z sm ^ ~ sm ^ sm z sm <p

Also in this case we shall see, that the constants cannot be found without
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the time and latitude of tlie place being known. First d may be deter-

mined, as in former cases, eitlier by the striding level, which will give the

angle

or by observing the direct and reflected image of a star either in west or

in east. By subtracting the two corresponding equations we find

d T' — T
o = /5^ + b =: f,— tan z sin ^r,

where stars are to be chosen, that pass near the zenith. The collimation

constant c may be determined by reversing the axis and observing in both
cases the time of transit. As in this case the sign of c alone is changed,
Ave find by subtracting the two corresponding equations

T» — T .

c = 2— sm z sin c,

where stars passing near the zenith are again preferable. Both operations

may be performed by first observing the transits over some threads and
then, after having moved the instrument, over the rest, and by reduc-

ing them to the middle thread, or if the observations are taken on diflFer-

ent days, the rate of the clock must be known and added to the observed

time.

Let us now suppose the time T being already corrected as to the collima-

tion, then by observing the same star east and west we may find both con-

stants b and k. In this case the equations are

= T + JT+ ta„:^^ + 3j^ Starwest,

By subtracting we have

b = tan z sin ^r [ ^ (o — 0^) — HT — Ti)].

Should the clock corrections not be the same T^ were to be corrected by
the rate. Now ^ {0— ^') = t is the hour-angle of the star in the moment
when it passes over the true prime vertical and may be computed from the

latitude of the place and the star's declination by the formula

tan d
cos t =

tan (p

or better still from the formula

tanit^=!iiirzi>.
sin {<p -\- 8)

The errors in the observation of T — T' will also here be the smaller,

the smaller tan z, i. e, the nearer the star passes the zenith. Now d and b
being known we find the north inclination of the apparent horizon
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By adding the above equations we lind

k = sin y [1 [0 4- (h - HT + T') - J T],

or as ^ {0 -\- 0^) = a is the star's right ascension

k = sin ^ [a — i (T + T') — J T],

Part II.

—

Influence of the inclination « on Altitude Observations.

By a we have denoted tliat component of the inclination Z Z' of the

apparent to the true horizon, which lies in the vertical plane of the instru-

ment used. With large instruments part of this component may he

caused by the instrument and its piers, and is, therefore, as was explained

in the beginning, depending on the zenith distance of the object observed.

The other part of « is according to former notations [see formula (6)]

q = ii cos (J - Ji) (15)

and is caused by the constant local irregularities in the figure and density

of the earth. The first part of a will have an eflect on altitude observa-

tions quite analogous to the flexure of the instrument. This latter correc-

tion is generally represented by the series

a^ cos z -f- a" cos 3 z + a'" cos 3 z -|- . . .

-\- b' sin z -\- b" sin 2 z -j- b'^^ sin 3 z -|- . . .

and its sign is understood so, that if z is the reading of the zenith dis-

tance of a star

z -f a^ cos z -f . . . -^ b' sin z -[-

represents the true zenith distance freed from flexura. If for instance N
denotes the reading of the Nadir point (for which z = 180°)

N — ai -f a" — a"i -f . . .

will represent the true nadir freed from flexure.

By a similar formula the component a may be represented this way

a =: q + aji cos z -f- ai" cos 2 z -|- aj"^ cos 3 z -f- . . .
i

^gx

-f
b,i sin z -f bi'i sin 2 z + bj'" sin 3 z -f . . . /

For the nadir (z = 180°) we have

«o = q -= a^i + ai" - ai"! + . . .

Now let z denote the reading of the instrument, ^ the true zenith dis-

tance of the object S observed, and N the reading of the nadir, then we
shall have for direct observations (Fig. 2).

z -|- a^ cos z -j- a" cos 2 z -|- a"' cos 3 z -|- . .

-(- bi sin z -f b" sin 2 z + b'" sin 3 z -f . . .

— CN -f
180O — ai

-f
all _ ^111 ^ _ _) ^ ^^^

_
^

Again let z^ be the reading of an observation by reflection and we shall

have

z^ — a^ cos z -j- a'l cos 2 z — a"' cos 3 z -(- . . .

. 4- bi sin z — b^i sin 2 z -f b"* sin 3 z — . . .

— (N + I8OO — ai
-f a" — aiii

-f . . .) + «„ = ISQO _ ^ 4- 3 a

PROC. AMER. PHILOS. SOC. XX. 111. 3b. PRINTED MAY 18, 1882.



Hagen.] 220 [Feb. 3,

Let now Ibe rotation axis of the instrument be reversed so that the gradua-

tion runs in the contrary direction and z'^ be the reading of a direct obser-

vation and we shall have

z" -j- a' cos z -f ii" cos 2 z + a*" cos 3 z -f • • •

— b^ sin z — b" sin 2 z — b'" sin 3 z — . . .

— (N -f
180O — ai 4- a^i — a"i + ...) — ao= 360O— f

Let finally z"' be the reading of an observation by reflection in the same

position of the instrument, and we shall have

z'" — a' cos z -j~ a" cos 2 z — a'" cos 3 z -}- . .

— b sin z -f b" sin 2 z — b"' sin 3 z + . .

— (N + 180O — ai + a" — a"' ^ . . .) — a^ = 18(P -f ; — 2 a

But from the explanations in the first part, it is evident, that with obscr-

FIG. 2

vations by reflection a star is observed out of the vertical plane of the in-

Btrument, so that the azimuth of the star is by

d ,4 = 2 ,5 cot z

greater than the azimuth ofthe reading. Hence, ifwe want to compare with

each other the four equations given above, we are to reduce all the zenith

distances to the same azimuth. This may be effected by the well-known

formula

dz = tan p sin z d A,

which by substituting the above value of d ^4 becomes

dz = 2 ,5 tan p cos z. (17)

Here, as in Part I, p denotes the parallactic angle. The meaning of

formula (17) is not, as if the inclination ^3 of the artificial horizon could pre-

vent the observer from reading the actual zenith distance of the star,

it means that the actual zenith distance is by dz greater, than it

would be, if the star were still in the azimuth of the instrument.
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Hence, with the two observations by reflection mentioned above, the read-

ings 'i} and z"' are to be diminished by 2 ^ tan p cos z, in order to have in

all the four equations the same true zenith distance belonging to the same

azimuth. If the observation by reflection is taken in the meridian, where

tan p is very small, this correction may be omitted as small of the second

order. The same value of dz may also be found by the usual differential

forijiula

dz = cos sin p dt

and the following formula, which was developed above

cos z
dt — 2 9

If for brevity's sake we denote the apparent zenith point, corrected as to

flexure, by Zj and put

Zi = 180^ -j- N — ai + a" —a"i + . . .

our four equations mentioned several times will become

^ = z -f- a^ cos z + a" cos 2 z + a"^ cos 3 z -f . . .

+ bi sin z -f b" sin 2 z + V" sin 3 z + . . .

— Zi -f «„.

180^ — f =: z^ — (ai — 2 a/) cos z + (a^^ — 2 ai") cos 2 z— .

^ (bi — 2 bi^) sin z — (b" — 2 b^") sin 2 z -}- .

— Zj — 2 q + cto
— 2 ^5" tan p cos z.

360O — ^ — tP- -f-
ai cos z + a" cos 2 z + a"i cos 3 z + . . .

— b^ sin z — b" sin 2 z — b"^ sin 3 z — ...

— Z, — a„.

180- + f = z"i — (ai + 2 aji) cos z + (a" + 2 a,") cos 2 z — .

— (bi + 2 b/) sin z + (b" + 3 b^") sin 2 z — .

— Zi 4- 2 q — a^ — 2 ^3 tan p cos z.

These equation are sufficient to find the probable values of the constants

a, b, ai and bj by observations of different stars. The constants a however

can be eliminated, so that, to find zenith distances, we need not know but

the constants b and q. For we find

^— 180o= i(z— z") + b»sinz+bi'sin 2 z + b"i sin3z + . . . -f «« (^9)

Theb being found by this equation, the constants a, may be found by

the following one

— f = i (z^ — z"i) + 2 ai^ cos z — 2 a^" cos 2 z -f . . .

+ bi sin z — b" sin 2 z 4- . . . — 2 q + cto-

The constants a may be determined from

180^ = 1 (z -f z") + a^ cos z + a^i cos 2 z + . . .
— Zi

and afterwards also the b^ from

180^ = i (zi + z'") — 2} cos z + a" cos 2 z — . . .

— 2 bji sin z + 2 bj" sin 2 z — ... — Zj — 2 ,3 tan p cos z.

The equations (18) and all the others developed from them show, that

(18)
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the true zenith distance ^ cannot be separated from the constant «, or, to

speak more e^iactly, from the constant (j, \\\ew giving always the value of

f — q. Nor will it be possible to separate zenith distances from this incli-

nation by sextants or rejlectin-g citrks. Tlie inclination 3 perixMulicular to

tlie plane of the sextant or reflecting circle has indeed no influence on

finding altitudes, yet this is the case with the inclination « in the plane of

the instrument, all the readings of altitudes being too great Vjy the angle a^

if an artificial horizon is used, while in case of a sea horizon the dip will be

aftected by this inclination. Neither oJ these errors can be eliminated by

these instruments. Thus by altitude observations the inclination of the

artificial horizon may be found as far as it depends on tlie attrac.twn of tlie

instrument and its piers, but not as far as it depends on local irregularities

of the earth.

Now to come to a conclusion, the question turns up to the astronomer,

by what means he will find the latitude and the time of his place. Since

in case that his apjiarent meridian line is not parallel to the true horizon,

all observations of stars will give him the latitude not of his place, but of

such places, whose true horizon is parallel to his apparent meridian line.

And in like manner if the plane of his apparent meridian does not go

through the centre of the earth, all observations of stars will furaish liim

-with the time not of his place, but of such places as are lying in a plane

parallel to his apparent meridian and touching the centre of the earth.

Consequently, all the methods of finding the longitude by immediate

transportation of time or by observation of signals visif>le at tlie same in-

stant will give him the longitude not of his place, but of the places just

defined.

He must therefore look out for other means to find the errors in the de-

termination of the latitude and the longitude of his place, and consequently

also the constants of correction for his instruments, and such means seem

to be geodetic mensurations and the observation of parallactic phenomena.

If as many places of the earth as possible are combined by svich observa-

tions and mensurations and the condition is made, that the sum of the

squares of differences between the calculated and observed longitudes and

latitudes becomes a minimum, the probable errors in determining the posi-

tion of these places may be found. The first method has been partially

employed by Prof. Schmidt in Gottingen and later also by the U. S. Coast

Survey.* On the instigation of the celebrated Gauss Prof Schmidt made
tise of the different meridian mensurations to calculate the dimensions of

the terrestrial ellipsoid, so that the sum of the squares of difterences be-

tween the computed and observed latitudes was a minimum. He found

for tlie mean error of latitudes 3" .193. But it may be interesting to have

the complete result of his computation here reprinted from his " Lehrbuch

tier mathem. u. phys. Geography, Goltingen, 1829, i. p. 199."

* Report for 1853.
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Stated Meeting, February 17, 1S82.

Present, 8 members.

Vice-President, Prof. Kendall, in the Chair.

Letters accepting membership were received from Mr. AVm.

W. Jefferis, dated West Chester, Pa., Jan. 25, 1882 ; and from

Mr. W. Townsend, West Chester, Pa., Jan. 25, 1882. •

The resignation of Rev. Samuel Longfellow from the Society

was announced.

Letters of envoy were received from the Imperial Botanical

Garden, St. Petersburg, dated, Dec. 22, 1881 ; and the Depart-

ment of the Interior, Feb. 9, 1882.

Letters and postals acknowledging the receipt of Proceed-

ings, No. 109, were received from the Geological Svirvey of

Canada; Maine Historical Society ; New Hampshire Historical

Society; Boston Public Library ; Boston Athenaeum ; Museum

of Comparative Zoology, Cambridge ;
Essex Institute, Salem

;

American Antiquarian Society, Worcester; Rhode Island

Historical Society, and Brown University, Providence ; Con-

necticut Historical Society, Hartford ; University of the City

of New York ; New York Hospital ; Astor Library
;
Prof, J.

J. Stevenson ;
U.S. Military Academy, West Point ; Mr. C.

H. F. Peters, Clinton, New York; New Jersey Historical

Society, Newark ;
Pennsylvania Historical Society, Philadel-

phia ; Mr. Geo. Smith, Garrettford P. 0., Pa.; Prof. C."L.

Doolittle, Bethlehem, Pa. ; Prof. Trail Green, Easton, Pa.

;

Mr. J. F. Carll, Pleasautville, Pa. ; Maryland Historical Society,

Baltimore ; Mr. Wm. B. Taylor, Washington ;
Georgia His-

torical Society ; Prof. J. M. Hart, Cincinnati
;

Dr. Robert

Peter, Lexington ; Mr. Danl. Kirkwood, Bloomington, Ind. ;

Chicago Historical Society ; Prof. J. S. Campbell, Crawford-

ville, Ind.; and the Wisconsin Historical Society, Madison.

A letter dated, Feb. 3, 1882, was received from Prof E. D.

Cope, making a request that No. 95 of the Proceedings, con-

taining Dr. Gabb's paper on Costa Rica, should be sent to Mr.

Leon Fernandez, San Jore, Costa^ Rica, as he is preparing a

history of that country.
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A letter was received from the Librarian of Cornell College

Library, concerning the com})letion of their sets of Proceedings

and Transactions.

A letter was received from C. Zinckra, dated Leipsig, Jan.

22, 1882.

Circular letters were received from the Smithsonian Institu-

tion, Washington.

Donations for the Library were received from the Asiatic

Society of Japan ; St. Petersburg Imperial Botanical Garden

;

Swedish Bureau of Statistics ; Zoologischer Anzsiger, Leipsig
;

Accademia dei Lincei, Pome; Socie'.ede Geographic, Annales

des Mines, and Revue Politique, Paris; Revista Euskara,

Pamplona
;
London Nature : Natural History Society, and

Mr. Samuel Abbott Green, Boston ; Essex Institute, Salem
;

New York Academy of Sciences ; New Jersey Historical

Society ; Numismatic and Antiquarian Society, American

Journal of Pharmacy, "The American," and Mr. Henr\-

Phillips, Jr., Philadelphia ; Mr. John H. B. Latrobe, Baltimore

;

Department of the Interior, Washington
;

and the Ohio

Mechanics Institute, Cincinnati.

Mr. Britton exhibited some peats and lignites of Arkansas,

and some Anthracites from the same State, and also some bi-

tumifious coals, showing the progress of the formation of coals.

Pending nominations, Nos. 935, 951-955 were read.

Report of the Officers and Council was read.

And the meeting was adjourned.

Slated Meetiufj^ March 3, 1882.

Present, 7 members.

President, Mr. Fraley, in the Chair.

The death of Robert Bridges, M.D., on February 20, 1882,

in the 76th year of his age, was announced by the President.

The death of Mr. Thos. P. James, at Cambridge, Mass., on

February 22, 1882, in the 79th year of his age, was announced

by Mr. Briggs.
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The President was autbori/>ed to appoint suitable persons to

prepare obituary notices of each of the deceased.

A letter of envoy was received from the Musee Guimet,

Lyons, dated February 3, 1882.

Letters of acknowledgment were received from the Offcn-

bacher Verein fiir Naturkunde (108); American Statistical

Association, Boston (109) ; Mr. T. P. James (109) ;
Yale

College Library, New Haven (109); Mr. Henry Phillips, Jr.,

Philadelphia (109); and the Wyoming Historical and Geo-

logical Society, Wilkesbarre, Pa. (108, 109).

A letter was received from the Librarian of the Franklin

Institute, dated February 21, 1882, requesting Part 1st of the

Catalogue. On motion it was ordered to be furnished.

Donations for the Library were received from the Editor of

Zoologischer Anzeiger, Leipsig; Accademia dei Lincei, Eome;

Eevue Coleopterologique, Brussels; AVurttembergische Vier-

teljahrshefte fiir Landesgeschichte, Stuttgart; Eevue Po-

litique, Paris; Socieie de Geographic Commerciale, Bordeaux

;

Eoyal Academy of History, Madrid ; Cobden Club, Journal

of Forestry, and Nature, London; Prof. C. Schorlemmer,

Manchester, England ; Eoyal Dublin Society; Natural History

Society, and Eev. E. F. Slafter, Boston ; American Journal,

New Haven ;
Franklin Institute, the American, Prof. E. D.

Cope, Mr. J. Blodgett Britton, and Mr. Henry Phillips, Jr.,

Philadelphia; Johns Hopkins University, Baltimore ; JJ.'S.

National Museum, Sensus Bureau, Bureau of Education, U. S.

Commission of Fish and Fisheries, and the War Department,

Washington ;
Eevista Cientifica Mexicana, Eevista Mensual

Climatologica, and Ministerio de Fomento, Mexico.

A necrological notice of the late Dr. John W. Draper, by

Dr. Wm. A. Hammond, was read.

Prof. E. D. Cope read a paper entitled "On the Structure of

some Eocene Carnivoroiis Mammals," illustrating his subject

by the exhibition of various fossil remains.

New nomination No. 956, was read.

Pending nominations Nos. 935, and 951 to 955, were read.

And the meeting was adjourned.
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An Obituary Notice of John W. Draper, M.D., LL.D. By William A.

Hammond, M.D., Surgeon General U. S. Army {Retired List).

{Read before the American Philosophical Society, March 3, 1SS2.)

In tlie deatli of Dr. Draper, the American Philosopliical Society has to

regret the loss of one of its most distinguished members. He died at his

residence at Hastings-on-the-Hiidson, in the State of Xew York, on the

fourth day of January, 1882, after an illness which had lasted ^vith more

or less severity for several months^

John William Draper was born at St. Helen's, England, May 5th, 1811.

His early education was received at the "Wesleyan School at Woodhouse

Grove, and subsequently from private teachers. At a still later period he

made especial study of Chemistry, Natural Philosophy and the higher

Mathematics, taking high rank in the knowledge of these sciences.

In 1833 he came to the United States, intending to make it his perma-

nent home. Here he seems to have had his attention for the first time

turned to the profession of Medicine, for he entered the Medical Depart-

ment of the University of Penns^ivania and graduated in 1836. He never

practised medicine, however
;
probably he never had a patient. A few

months after receiving his diploma, he was appointed Professor of Chemis-

try, Physiology and Natural Philosophy in Hampden-Sidney, College, in

Virginia. He occupied this position for about three years, publishing

during that period several important essays on chemical and physiological

subjects. Some of these appeared in the American Journal of Medical Sci-

ences, but the greater number in the London, Edinburgh and Dublin Philo-

sophical Magazine.

In 1839 he resigned his professorship at Hampden-Sidney College, to ac-

cept that of Chemistry and Natural Philosophy in the newly inaugurated

University of the City of New Tork. In 1841 on the origination of the

Medical Department of the University, of which he was one of the founders,

he was appointed Professor of Chemistry. In 1850 Physiology was com-

bined with Chemistrj^ and he held the joint chair. The union was con-

tinued till 1865, when Dr. Draper gave up the teaching of Chemistry in

the Medical Department, continuing, however, to lecture on Physiology.

In 1867 he resigned this professorsliip also, retaining, however, the Presi-

dency of the Medical Faculty, which he had held from 1850. In 1873 he

severed his connection altogether Avith the Medical Department, but con-

tinued to the day of his death to hold his professorship in the Department

of Arts.

Dr. Draper was, early in his career, an experimenter in various depart-

ments of Natural Science. In 1840 he described the figures which are

formed whem coins are laid on polished glass and which are made visible

by exposure to the action of a vapor. About the same time he began

to interest himself in the discoveries being made by Daguerre and was the

first to photograph the human face.

PROC. AMER. PHILOS. SOC. XX. 111. 2C. PRINTED MAY 18, 1882.
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The chemical action of light was a favorite study with him. In 1844 he

puhlislu'il his work on the "Forces which produced the Organization of

Plants," in which he showed that the yellow ray of the solar spectrum is

the most powerful in its influence over vegetation. One of the most im-

portant contributions made by him to science is that in which he demon-

strates that all solid substances become incandescent at about the tem-

perature of 9770 F.

Dr. Draper did not confine his studies to the Natural Sciences strictly

so-called. He was ambitious of distinction as a historian. His basis was,

that nations are subject to the same laws as individuals and that in their

migrations and stages of development they have been acted upon by purely

phj'sical causes. We are inclined to think that he carried his views in

this respect, too far, and that he disregarded the undoubted influence of

intellectual and emotional factors as creators and modifiers of history.

Dr. Draper's contributions to Scientific Periodicals and the Transactions

of Medical Societies have been very numerous. One paper only was pre-

sented to the American Philosophical Society, and this was May 27th, 1843.

He was elected a member of the Society January 19th, 1844, and conse-

quently this memoir was submitted before he joined us : its title is, "On
the Decomposition of Carbonic Acid and the Alkaline Carbonates bj' the

Light of the Sun." It is published in Vol. Ill of the Proceedings.

His published volumes are as follows :

" A Treatise on the Forces which produce the Organization of Plants,"

1844.

"A Text-Book of Chemistry," 1846.

"A Text-Book of Natural Philosophy," 1847.

"A Treatise of Human Physiology," 1856.

"History of the Intellectual Development of Europe," 1862.

"Thoughts on the Future Civil Policy of America," 1865.

"History of the American Civil War." 1867-70.

"History of the Conflict betw^een Religion and Science," 1877.

In all these works Dr. Draper showed that he had read extensively and

thought deeply. He had great facility for expressing himself with clearness

and directness and hence for impressing his views upon others. Never-

theless it must be confessed, that his chief claim for distinction will rest

upon his labors in Chemistry and Natural Philosophy. His "Treatise on

Human Physiology" is in manj'^ respects fanciful and speculative, and

theories are promulgated as well-founded wiiich have no support from

facts. His historical works are characterized by an entire absence of refer-

ences to the sources of his information, and therefore they lost much of

the value which they would otherwise possess for students.

In 1876 he was awarded the Rumford Medal by the American Academy
of Arts and Sciences, for his researches on Radiant Energy. In 1881 he

was elected one of the twelve honorary members of the Physical Society of

London.
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Stated Meeting, March 17, 1882.

Present, 10 members.

President, Mr. Fraley, in the Cliair.

The death of Dr. Joreph Pancoast, March 7th, 1882, aet. 77,

was announced by Mr. Eli K. Price. On motion Prof. Samuel

D. Gross was requested to prepare an obituary notice.

Letters of acknowledgment were received from the Astro-

nomische Gesellschaft, Leipsig (108), Free Public Library, New
Bedford (109), and the Numismatic and Antiquarian Society

of Philadelphia (109).

A letter was received from the Kaiserliche Universitats-und

Landes-Bibliothek, Strassburg, dated Feb. 16, 1882. The mat-

ter was referred to the Secretaries with, power to act.

Donations for the Library were received from F. Sandber-

ger ; Zoologische Anzeiger, Leipsig ; R. Accademia dei Lin-

cei, Rome; Academic Roj-ale, Bruxelles; SocietedeGeograph-

ie, and Revue Politique, Paris ; Societe de Geographic Com-

merciale, Bordeaux; Royal Astronomical Society and Nature,

London; M. E. Wadsworth, Boston; Essex Institute, Salem;

Journal of Banking Law ; Pennsylvania Plistorical Society,

Franklin Institute, Journal of Pharmacy, The American,

Philadelphia
; New Jersey State Geological Survey ; Ameri-

can Chemical Journal ; U. S. Signal Service Bureau, Washing-

ton ; Historical Society of Wisconsin ;
Mercantile Library As-

sociation, San Francisco
;
Illinois State Museum of Natural

History, and Prof. Lesquereaux, Columbus.

The President reported that he had requested Dr. Ruschen-

berger to prepare an obituary notice of Dr. Bridges, and Dr.

Rothrock one of Thos. P. James, and that they had accepted

the appointment.

Prof. Sadtier read a paper by Prof. Edgar F. Smith, and N.

Wiley Thomas, on Corundum and Wavellite from localities

as yet unknown to mineralogists, about six or eight miles

from AUentown, Pa.

Mr. Phillips made a communication in reference to the
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progress of the New Dictionary of the English Language, now
progressing under the auspices of the Philological Society.

Pending nominations Nos. 835, 951 to 956, and new nomina-

tions Nos. 957 and 958 were read.

The resignation of the Rev. Samuel Longfellow, of German-

town, Pa., Avas presented to the Society, and on motion ac-

cepted.

And the iiieeting was adjourned.

Corundum and Waoellite. By Edgar F. Smith and N. Wiley Thomas.

{Read before the American Philosophical Society, March 17, 18S2.)

Specimens of these minerals from localities, as yet perhaps unknown to

mineralogists, came under our examination some time ago, and thinking

that a description of them might not be without some interest to special-

ists, we submit the following :

1. Early in January last, a piece of what was once a large hexagonal

prism of corundum terminated by pyramids, was handed us. The speci-

men we received was an end piece exhibiting a perfect hexagonal form,

with pyramidal ending, and on the broken surface of the crystal, the

color observed was blue. The weight of this specimen is five pounds.

The original complete crj^stal measured eight inches in length, and the

diameter over the secondary axes is about four and one half inches. On
the exterior surface are observable here and there, magnetite crystals and

these were the cause of the destruction of the original crystal soon after

it had been ploughed up. The farmer thinking he had made a valuable

discovery and curious to know the appearance of the infeide, broke the

cr3'stal into several pieces, one of these coming into our possession, after it

had been carried about to various parties, for inspection and determination.

Only very slight indications of any alteration are apparent on the exterior

of the crj'stal. Soon after getting the above, we received another crystal

—a double pjramid—about five and one-half inches long and weighing

over five pounds. Since the reception of the preceding, we obtained sev-

eral cigar boxes full of smaller, well-defined crystals. All of our speci-

mens were found near Shimersville, Lehigh Co., Pa., and were thrown out

wliile plowing. The district over which these crystals were scattered,

and have been noticed, is rather extensive and is already under lease, and

"prospecting" for larger quantities has been commenced. Quite a num-
ber of medium sized crystals were sent to the Weissport Emery Works,
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there tested and declared excellent for technical purposes. We reserve

our analyses ot the above for a future communication.

2. The specimens of Wavelliteare from the neighborhood of Macungie,

Lehigh Co., Pa. They present radiating nodules on limonite ; their color

is Avhite. These crystals were considered to be calamine, and on this

account we experienced some difficulty in ascertaining the locality. In-

deed, we were obliged to show qualitative proof of the absence of zinc to

the parties interested, before being made acquainted with the history of the

specimens. Our analyses were made of some of the well-deiined crystals.

The method of analysis pursued, was that described by Dr. F. A. Genth,

in A7n. Journal of Science, etc., II. Vol. 23, p. 423.

Analysis.

AI2O3
'.

36. 66 %
PA 34.14

H2O 28.32

Fl trace

Limonite 0. 60

99.72

Chemical Laboratory of Muhlenberg College, Allentown, Pa., March $, 1S8S.

btated Meeting, April 7, 1882.

Present, 12 members.

President, Mr. Fralet, in the Chair,

Letters accepting membership were received from S. S.

Lewis, Corpus Christi College, Feb. 4 ; and from Wm. Blades,

Abchurch Lane 23, London, Feb. 18, 1882.

Letters of acknowledgment were received from the K. K.

Central -Anstalt fiir Meteorologie, Wien (108) ; Verein fiir Erd-

kunde, Dresden (105-106) ; Franklin Institute, Philadelphia

(Catalogue Part I.) ; Prof. Thos. C. Porter, Fasten, Pa. (109);

West Chester Philosophical Society (109) ; Mr. Asaph Hall,

Washington (109) ; and the Smithsonian Institution (109).

Letters of envoy were received from the Central Physical

Observatory, St. Petersburg, dated Feb. 1882
;
Prof. F. Reu-

leaux, Berlin, March 10, 1882; A^erein fiir Erdkunde, Dresden;
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U. S. Naval Observatory, Washington; and the Departnnent

of State, Washington, April 1, 1882.

Donations for the Library were received from the Acade-

mies at St. Petersburg, Berlin, Munich, Rome and Brussels
;

Prof. Reuleaux, Braunschweig; Herr. Aug. Tischner, and the

Zoologischer Anzeiger, Leipsig; Herr. L. Riitimej'^er, Zurich
;

Geographical Societies at Paris and Bordeaux ; Baron J. De
Baye, Chalon-sur-Marne ; Royal Library at the Hague; Flora

Batava, Leyden; Royal Astronomical Society, and Nature,

London; Mr. M. E. Wadsworth, Boston; American Academy
of Arts and Sciences; American Journal, New Haven; Mr.

E. A. Barber, Mr. Lorin Blodget, Mr. Henry Phillips, Jr.,

Dr. Jayne, the Academy of Natural Sciences, Board of Direc-

tors of City Trusts, and the Editors of the "American," Phila-

delphia; Johns Hopkins University, Baltimore; U. S. Fish

Commission, U. S. National Museum, U. S. Census Bureau, U.

S. A. Department of Engineers, and the U. S. Naval Observa-

tory, Washington, D. C. ; The Virginias, Staunton, Ya ; Amer-

ican Antiquarian, Chicago.

A letter from the Wyoming Geological Society was referred

to the Secretaries with power to act.

The death of Solomon W. Roberts, at Atlantic City, March

22, in the 71st year of his age, was announced by Mr. J, S.

Price, and Mr. Fraley was requested to prepare an obituary

notice of the deceased.

The death of Edouard Desor, at Nice, Feb. 23, in the 71st

year of his age, was announced ; and Mr. Lesley was appointed

to prepare a notice.

The death of Dr. Robert S. Kenderdine, in Philadelphia,

March 27, aged 51, was announced by Mr. J. S. Price, and the

President was requested to appoint a proper person to prepare

an obituary notice of the deceased,

Mr. Ashburner read a paper on " Estimation of Coal Areas

and Coal Contents of the Anthracite Fields of Pennsylvania,"

Prof, Cope read a paper on a new form of Marsupial Mam-
mal from the Lower Eocene of New Mexico.

Prof. Cope read a paper on Archtesthetism.
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Mr. Eli K. Price read the following report as Cbairman of

the Committee on the Michaux Legacy :

—

"The course of lectures in Fairmount Park was successfully delivered

by Dr. Rothrock in 1881, according to annexed statement.* The audience

was interested and highly respectable ; the number varying from two to

four hundred.
" I recommend the continuance of the lectures for the present year

;

and that an appropriation be made of two hundred and eighty dollars

($280) for the lecturer, and fifty dollars ($50) for advertising. The course

will be according to annexed schedule in manuscript." f

On motion it was ordered that an appropriation of $330 be

made for the above objects, payable out of the Michaux Legacy.

Pending nominations Nos. 935 and 951 to 958 were read, and

the meeting was adjourned.

Stated Meeting, Ajjril 21, 1882.

Present, 8 members.

President, Mr. Fraley, in the Chair.

Letters of acknowledgment were received from the Glasgow

Philosophical Society (107-108); the Royal Geological Society

of Ireland, Dublin (XV, 3 ; 107-108) ; and the Franklin Insti-

tute, Philadelphia (108-109).

» In 1881, from April 23cl to June 18th, on Saturdays at 4 p. m. :—Subjects—
I. How and why we study Botany; 2. The Plants we Eat; 3. The Plants we
Drink; 4. The Plants we Wear; 5. How we and the Plants Breathe and How
we help each other ; 6 and 7. Diseases of Plants.

II. From Septemher lOtli to October 8th :—8. Strange Marriage among Plants
;

9. Forestry in Europe; 10. Want of Forestry in America and its Consequences;
II. How Trees are made; 12. How Plants Travel: 13. Weeds: 14. Botany for

Winter.

t In 1882, on Saturdays, at 4 p. m., from April 22d to June 3d. Subjects—1, 2.

Plants which have influenced Human History. 3, 4. How Plants are Construct-

ed. 5, 6. How Plants are Organized. 7. Meat-eating Plants.

II. September 9 to October 21.—8. How Vegetation protects the Earth and in-

fluences Rain-fall. 9. What the Roots do and how they do it. 10. American
Timber and its special value. 11,12. Sick Plants. 13. Strength and Durability
of Timber. 14. The Plants eaten by other Nations.
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Letters of envoy were received from the Xaturforscbende

Gesell.«cbaft, Gorlitz, dated Nov. 5. 1881 ; Naturhistorit^cbe

Gesellschaft, Niirnburg, Nov. 16, 1881 ; Kgl. Hof-und-Staats-

Bibbotbek, MUacben, Dec. 27, 1881 ; Meteorological Office,

London, Marcb, 1882
; Canada Geological and Natural History

Survey, Montreal, April, 1882 ; Department of tbe Interior,

"Washington, April 7, 1882 ; Louisiana Board of Health,

New Orleans, Marcb 30, 1882 ; and tbe Public Museum of

Buenos Ayres.

Donations for tbe Library were received from tbe Acade-

mies at St. Petersburg, Copenhagen, Munich, Rome, and Brus-

sels ; Observatories at St. Petersburg, and Munich ; Geological

Society, Berlin; Natural History Societies at Gorlitz, Chem-
nitz, Nuremburg, and St. Gall ; Royal Society, Gottingen

; Zoo-

logical Society, Leipsig ; Royal Library, Munich ; K. K. Geol.

Reichsanstalt, and the Antbropologiscbe Gesellschaft, Vienna

;

Herr Joachim Barrande, Prag ; Musee Guimet, Lyons ; Anthro-

pological, and Geographical Societies, Ecole Polytechnique, and

Revue Politique, Paris ; Revista Euskara, Pamplona ; L. G.

De Koninck, Liege ; Astronomical, Meteorological, Royal Geo-

graphical, Geological, and Royal Asiatic Societies, and Society

of Arts, London; Geological Survey of India, Calcutta; Glas-

gow Philosophical Society ;
Geological and Natural History

Survey of Canada ; Prof. J. D. Whitney and Prof. Alex.

Agassiz, Cambridge; American Antiquarian Society, "Worces-

ter ; Prof. 0. C. Marsh, New Haven ; Prof. J. Henry Com-

stock, Ithaca; Capt. Jas. E. Cole, N. Y.; State Board of

Agriculture, Harrisburg ; Philadelphia, and Reading R. R. Co.

;

U. S. Fish Commission, U. S. Entomological Commission, U.

S. National Museum, and Census Bureau, "Washington ; Louisi-

ana State Board of Health ; National Museum, Mexico
; and

tbe Public Museum, Buenos Ayres.

Dr. Gross declined by letter, on account of numerous engage-

ments, bis appointment to prepare an obituary notice of Dr.

Pancoast.

Tbe death of Charles Robert Darwin, April 20, aged 73,

was announced by Dr. Le Conte.
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Dr. LeConte said :

In rising to announce the death of Charles Robert Darwin, which oc-

curred on the nineteenth day of April, last, in the seventy-fourth year of

his aire, I hare no intention to give a biographical sketch of his life, or his

contributions to science. Tliis labor of love will be performed fully by

some of his compatriots, who have had the benefit of the sweet and in-

structive personal intercourse with him which has failed to be part of our

earthly enjoyment. But what I do wish to manifest, as far as the feeble

power of my language will permit, is the deep grief which we feel, at the

loss of one, who has by his work and his writings, become a dear com-

panion, and a guide in our scientific thought.

For, to no man more than to Darwin, does the present age owe as much,

for the gradual reception of the modern method of close observation over

tlie scholastic or a priori formula?, which, up to a brief period, affected all

biological investigations. To him, above all men, we owe the recurrence

to the old Aryan doctrine of evolution (though in those ancient times pro-

mulgated under the guise of inspiration) as preferable, by reasonable

demonstration, to the Shemitic views, which have prevailed to within a few^

years, and are still acceptable to a large number of well-minded but unthink-

ing men. The doctrine of evolution, in its elementary form, means noth-

ing more than that everything that exists has been derived from something

that pre-existed ; that the former is related to the latter as effect is to cause.

And it is most pleasing evidence of the acceptability of this doctrine, that

it is now heard from many pulpits in the land, as a strong illustration of

the instructions which are thence given.

Therefore, while lamenting the death of Darwin, at a ripe old age, and

losing the benefit of his vast store of learning, Avhich could not much
longer remain with us, we are grateful that we have lived in a generation

in which he was a conspicuous example of the humble and holy men of

heart, which other scientific men should endeavor—albeit, with much less

capacity—to imitate.

And, finally, we offer to the bereaved family our most heartfelt sympa-

thy in their aftliction, and our trust that the well-chosen ancestral alliances

will enable the descendants to worthily succeed in attaining the honor

and usefulness which characterized our deceased colleague.

The death of John Lenthall, U, S. N., April 11, at Philadel-

phia, in his 75th year, was announced.

The death of Robert Christison, M. D., of Edinburgh, was

reported as having taken place in 1880.

Mr. Chase communicated Photodjmamic notes No. V.

Mr. H. C. Lewis described his observations of the aurora of

April 19 and 20, proving its connection with the earth by the

PROC. AMER. PHILOS. SOC. XX. 111. 2d. PRINTED MAY 22, 1882.
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apparent motion of the corona eastward at the rate of 15° per

hour.

Nominations Nos. 951 to 958 were read and balloted for.

Mr. Fralej reported that he had collected and paid over to

the Treasurer the interest on the Michaux Legacy, due April

1, amounting to $133.07.

On scrutiny of the ballot boxes, the following were declared

duly elected members of the Society

:

951. Charles W. King, Fellow of Trinity College, Cam-

bridge, England.

952. Eev. James W. Robins, D. D., Principal of the Episco-

pal Academy in Philadelphia.

953. Charles Sprague Sargent, A. B., Cambridge, Mass., Pro-

fessor of Botany.

951. Franklin B. Hough, M. D., of Lowville, N. Y.

955. Stephen P. Sharpies, of Boston, Mass., late Asst. Prof.

Chem, Harvard College.

956. Charles Edward Rawlins, Esq., of Rock Mount Rain-

hill, Liverpool, England.

957. George de B. Keim, Esq., of Philadelphia.

958. Hamilton Andrews Hill, Esq., of Boston, Secretary- of

the National Board of Trade.

And the meeting was adjourned.
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Photodynamic Notes, V. By Pliny Earle Chase, LL.D.

{Read before the American Philosophical Society, April 21st, 1882. )

158. Synchronous Areas.

Kepler's second law is grounded upon principles which must modify

rotation and subsidence, so as to introduce harmonic tendencies among the

synchronous areas which are described by different bodies, under the con-

trolling activity of a common centre, as well as in the virtual areas which

represent the reaction of the subordinate masses upon the centre of gravity

of the system. In orbits of small eccentricity, the instantaneous area of

a particle is nearly proportional to the square root of its mean radius

vector. If we take r= {^Y = .125, as a harmonic divisor, the first of

these tendencies is shown by the principal planets, as may be seen in the

followins; table :

Harmonic Areas.



Virtual Areas.
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161. Orhital Momentmn.

The division of ?w V r by r gives the product of mass by orbital velocity,

or orbital momentum, together with the followius suggestions of photody-

namic or nebular activity :

TO -=- \/~V Cardinal Radii.

Jupiter, 138.81= S.ITS^ ^.
5.203

Saturn, 30.68= 9.800'^ /Jg 10.000

Uranus, 3.35 = 20.5673^ ai 20.679

Neptune, 3.12 = 30.4835 a^ 30.470

Earth, 1.00 Yz l-^CO

Jupiter's e.vponent represents the ratio of its photodynamic orbital vol-

ume to that of Earth ; Saturn's, the ratio of orbital times ;
Uranus's the

influence of mean rotaiy iris viva in an elastic medium ; Neptune's the

influence of a centre of linear oscillation in an elastic medium.

162. Coefficient of Solar Torsion.

In applying the oscillatory equation, t^^T^^--, at the centre of gravity

of a stellar system, let t represent the duration of an oscillation or half-

rotation, (/the acceleration of gravity at the stellar equatorial surface,

z:^ I the stellar modulus of light or the height of a homogeneous sethereal

atmosphere which would propagate undulations with the velocity of light.

Then, if the stellar rotary oscillation is due to the reaction of cosmical

inertia against aethereal influence, gt is equivalent to the velocity of

light, v^.

t} «' TT _
In Coulomb's formula of torsional elasticity, /= ^^^i~ ^ TF represents

a weight suspended by a wire, a the coefficient of the radius of torsion,

/the coefficient of torsion for the extended wire, g gravitating acceleration,

t time of oscillation when the force of torsion is removed. Applying this

formula to solar rotation, we have

^ — 2 — 2 •

gt' , . . T. a r^ — gt — ,.
I.

But gt is the velocity which would be communicated by gravity, at

Sun's surftice, in one oscillation of half-rotation, or the velocity of light :

gt'' is the modulus of light at Sun's surface ; a' r^ is the theoretical length

of a pendulum, at Sun's surface, which would oscillate once in each half-

rotation ; a r„ is the length of an equatorial radius rotating with Sun and

having the superficial orbital velocity, I'^gr, at its remote extremity.

These are the same results as have been already derived from simple gravi-

tating and radiodynamic considerations. Notes 17, 48, 100, etc. Their

statement in this form may be satisfactory to some readers who have not

followed the foregoing investigations through all their details.
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1G3. Ilarmonic Categories.

The simple discovery of so many harmonies, in all departments of

physical science, would be interesting, even if it were accidental or wholly

empirical. The fact that the discovery has sprung from systematic in-

vestigations, under the guidance of well-known laws, adds much to its

importance. The following results seem to be especially important, and

somewhat typical.

1. The equality of gt, in the solar oscillations of half-'rotation, to the

velocity of light. Notes 17, 162, etc.

'2. The relations of mass and vis vica which satisfy cosmicul tendencies

to nodality, subsidence, oscillation and orbital revolution. Notes 5, 23,

79, 91, 156, 158-61.

3. The far-reaching evidence of elastic influence Avhich establishes

measurable progressive relations between the solar system and the fixed

stars. Notes 46, 111-5, 130-2, 155.

4. The simplicity of the relations between elastic and cosmical vis viva,

which furnish data for approximate estimates of Sun's mass and distance

by means of barometric fluctuations. Notes 104-5.

5. The relations of magnetic and cosmical vis viva, together with the

evidence which thej' furnish of the dependence of solar and lunar mag-
netic disturbances upon thermal and tidal influences. Notes 2, 116-22,

125-6.

6. The curiously symmetric harmony in Mars and its satellite-system.

Note 28.

7. Tlie varied harmonies of spectral lines, together with the relations of

planetary positions to luminous nodes. Notes 36-45, 109, 141-2, 144r-o3,

157.

8. The confirmations of predictions which were founded upon evidences

of the influence of harmonic laws. Notes 33, 133, etc.

9. The interchangeable convertibility of physical units. Notes 90, 96.

10. Atomic phyllotaxy. Notes 135-9, 143. Although Gerber's divisors

were found empirically, they represent natural elementary groups. His

utter want of suspicion that they had any phj^sical meaning makes them
much more important than they would have been if his investigations had

been biased by a preconceived hypothesis. The kinetic theory of gases

necessitates harmonic action, and the tendency to division in extreme and

mean ratio leads to one of the most simple kinds of harmony. There is

no necessary inconsistency between the doctrine of atomic phyllotaxy and

Prout's hypothesis.

164. Mercury's Virtual Area.

The fundamental ratio of successive virtual areas, f, represents the ratio

of the locus of linear centre of gravity of a simple pendulum to the locus

of its centre of oscillation, as well as the exponential ratio of nucleation to

limitaticm in an elastic medium. The intermediate step between the har-

monic areas for Mars and Venus, Note 159, may, perhaps, be distributed.
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partly among the asteroids, partly in satisfying special requirements of

the dense belt, and partly in the variations of jethereal vis viva. The mass

of Mercury is so imperfectly known that it is unsafe to put much trust in

the accuracy of any merely harmonic indications of its value, but its

virtual area is unquestionably of the same order of magnitude as (ij)" of

that of Mars, or /^V^ of that of Earth. This would give, for an approxi-

mate estimate of the quotient of Sun's mass by that of Mercury, 4054440.

The two intermediate steps may, perhaps, be partly absorbed by the intra-

Mercurial harmonic nodes and the meteoroids of the zodiacal light.

165. Relative Masses of Neptune and Mars.-

An intermediate step between the virtual areas (Note 159) and the nodal,

masses (Note 156), is indicated by the ratio between the masses at the

outer limits of the supra-asteroidal and the intra-asteroidal belts. The
quotient of the square of Neptune's harmonic virtual area, 32.644^ by its

harmonic radius, 30.036*, is 17.071 ; the quotient of the squared area of

Mars, (|)^ by its harmonic radius, 1.669, is. 10664; the ratio of the masses

and the mass-ratio of Sun to Mars are approximately shown in the follow-

ing proportions :

Wg : m^ : : 17.071 : .10664 : : 160.09 : 1

m, : m, : : (160.09 X 19380 = 3102544) : 1

166, Various Harmonic Indications and Tests.

If K represents Earth's limiting nucleal radius (Note 159), the corres-

ponding atmospheric radius would be k^ = 43.653. Herschel's locus of

incipient subsidence, in the controlling two-planet belt, or Saturn's secular

aphelion, is 1.0843289 times the outer limiting locus of the belt (Stockwell,

Smithson. Contrib., 233, p. 38); i^l -r- 1.0843289 — 40.358, which is, with

close approximation, the ratio of the instantaneous virtual area at the inner

locus of the controlling belt, to the corresponding area at the chief centre

of condensation. The tendency of exponents, in elastic media, to become
coefficients of elastic vis viva, is shown in Note 159. If we use the sym-

metrical harmonic areas for Mars and Mercury, the percentages of differ-

ence between the harmonic and virtual areas are, respectively, f of

.01, f of .01, I cf .01, f of .01, } of .01, .045, .099. In testing the com-
bined harmonic influences of a vera causa which is subject to internal per-

turbations, there is room for a possible deviation of 50 per cent, and a

probable deviation of 25 per* cent. The combined probability that the

approximations in Note 159 are owing to sethereal influence is, therefore,

30 X H^ X 175 X -iF X 175 X -%"- X W = 15664091737 : 1.

The following points of symmetry and alternation may be noted in the

nodal mass-factors of the two outer planets, Note 156 :

1. The tendency to equality of mean orbital vis viva in Earthy Uranus
and Neptune, as indicated by the factors y^, y.^ and ^'g.

*Proc. Am. Ph. Soc, xiii, 239.
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2. Tlie nodal modification of Neptune's mass by Earth's secular apliclion,

and of the mass of Uranus by Earth's secular perihelion.

3. The nodal modification of Neptune's mass by its own mean perihelion,

and of the mass of Uranus by its own mean aphelion.

4. The modification of Uranus by Jupiter, and the corresponding modi-

fication of Neptune by Uranus.

167. Earth's Modulus of Botation and Jupiter's Eccentricity.

Let g^ represent the sum of the gravitating accelerations of Sun and

Earth at Earth's equatorial surface ; t, time of Earth's rotary oscillation

(^ sidereal day); p^, Sun's equatorial semi-diameter; r.,, Earth's semi-

diameter
; p^, mean projection of centre of gravity of Sun and Jupiter

from p^; p^ -^
[>o<

Jupiter's maximum secular eccentricity ; p^, Earth's

semi-axis major ; (jaf^, Earth's modulus of rotation. Then

O^f^ '• pi'-'- Pa'- po-

The photodynamic or oscillator}' values of Sun's mass and distance, Note

91, give for Sun's gravitating acceleration of Earth ^ ( ^ ) = 331776 X

(3962.8 --- 92785700)2 = .000605184 of Earth's equatorial gravitating accel-

eration. , If we adopt Everett's value for g, g^f = 1.000605184 X 32.091

X 43082^ -- 5280= 5643840 miles
; p^ +- p„= .0608265. Stockwell's value

{Smith. Cant., 232, p. 38), is .0608274.

168. Axis of Central Subsidence and Rupture.

The influence of the interstellar photod3mamic paraboloid is shown in

the boundaries of the belt of greatest condensation. The locus of incipi-

ent rupture. Mercury's secular perihelion, is about ^ of the locus of incipi-

ent subsidence, secular aphelion of Mars. Stockwell's values for the two loci

are .2974008 and 1.736478. This gives for the major axis of the several in-

cipient ellipses, described by the subsiding particles from the outer portion

of the belt, .2974008 + 1.736478 = 2.0338788. Let g^, g, represent equa-

torial superficial gravitating acceleration of Sun, Earth, respectively ; m^,

m^, masses of Jupiter, Earth ; ta, time of Jupiter's orbital revolution ; tp,

time of Earth's rotation ; ^3, Earth's semi-axis major
; p^, asteroidal radius

equivalent to major axis of incipient ellipses of dense belt. Then

tn Wj Pn _ gn

4332.58482 -- 316.617 X 2.0338788 = — = 27.8316
9i

«'3 ^
g.

331776 -- 27.8316 = 11920.8
9<. \'i'J
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^ =z v/ri92(X8 = 109.183

To = 109.183 X 3962.8 = 432669 miles.

p.j H- ?•„ = 93785700 -~ 432669 = 214.45

These results may be compared with those which were given in jSTotes

91, 113 and 156, the extreme range of difference being less than ^^ of one

per cent.

169. Earth's Incipient Subsidence.

If the various relations which are shown in the foregoing note are due

to Earth's atmospheric and nucleal subsidence from the centre of the

dense belt ( J* = 1.0169394), its secular aphelion should be (
^"

)
==^

1.0695. Stockwell gives {op cit., p. 38) 1.0677352, upon the assumption

that — = 368689. On page xi of his Introduction he gives 1.0693888;

on page xvii he gives a series of values which yield, by interpolation,

1.0691 for the photodynamic mass-ratio, — = 331776.

170. Progression of Fundamental Atomicities.

Thomas Bailey, {Phil. Mag., Jan. 1882, p. 35), gives a series of atomic

weights corresponding to minimum volumes, w^hich are members of the

geometric series a, ab, ab"^, aW, ab*, the value of b being ^ of a and the

value of a being 10. This suggests an atomic parabolic motion, like that

in the photodynamic or interstellar paraboloid, in which ^ = ^. "We may

also notice that 6 is the product of the two phyllotactic numbers, 2 and 3.

171. Perissad Phyllotaxy.

The indications of phyllotactic tendency in various departments of

physics, have induced me to test Gerber's groupings of chemical atoms by

methods which seem to me to be perfectly legitimate. In order to remove

all effects of personal equation or bias, as well as of accidental or empirical

coincidence, I adopt Clarke's recalculation of atomic weights {Phil.

Mag. [5] 12, 109-10), and my strictly phyllotactic divisors (Xote

136), instead of Gerber's empirical divisors. In view of the a priori prob-

ability of tendency to division in extreme and mean ratio, I assume that

the ratio of probability to improbability, in each instance, is equivalent to

at least \ B : {T—0); D being the phyllotactic divisor, T the theoretical

atomic weight or nearest exact multiple of Z>, and the observed atomic

weight taken from Clarke's table. I have added Rb and Tl to Gerber's

list of monatomic elements, and Bo to his trivalent list.

PROC. AMER. PHILOS. SOC. XX. 111. 3J5. PRINTED MAY 22, 1882.
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and telnuls, and gives 40911 : 1 for the combined ratio of probabilities.

Tlie other sub-group is hexad, giving the aggregate ratio 11011 : 1. The

total aggregate ratio of the artiad elements is more than 81585(10)" : 1.



Note 171
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liydrogenic influence upon general atomicity, the matliematical probability

of the latter is satisfactorily established. I am not aware that the views

of Prout and Dalton have ever before been tested in any way like this.

175. Combination of Harmonic Influences.

In my studies of cosmical harmony I have often had occasion to speak

of the simultaneous operation of different oscillatory tendencies. Similar

tendencies, involving similar modifications of i-esulting rhythms, must

exist in the various forms of molecular activity. Dr. Thomas Hill, whose

participation in Peirce's investigations of planetary phyllotaxy have given

him an interest in other like researches, having suggested that the surd,

i^ (3-1/5), might be more closely represented in the atomic ratios than its

phyllotactic approximations, I have tried it upon each of the foregoing

groups. I find some evidence of its infiuence, but the combinations of

phyllotactic ratios which are represented by my two divisors, .768 and

1.996, are much more satisfactory. Therefore it seems probable that,

although the differences of internal work may prevent any precise atomic

commensurability, there are as close approximations to precision in the

elementary atoms as there are in plants and in planets.

176. Fourier's Doctrine of Elasticity.

The early views of Rittenhouse and other ximerican investigators,* are

corroborated by the following extract from Fourier's " Tlieorie analytique

de la cJialeur," which is cited by Molsens in his report on Hirn's experi-

mental investigations of the relation which "exists between the resistance

of the air and its temperature (Bull, de I'Acad. Roy. de BeUjique, [3] 2,

p. 253, 8 Octobre 1881).

Art. 53. " La chaleur est le principe de toute elasticite ; e'est sa force

repulsive qui conserve la figure des masses solides et le volume des liquides.

Dans les substances solides, les molecules voisines cederaient a leur attrac-

tion mutuelle. si son effet n'etait pas detruit par la chaleur qui les separe.

Cette force elastique est d'autant plus graude ([ue la temperature est plus

elevee ; c'est pour cela que les corps se dilatent ou se condensent, lorsqu'on

eleve ou lorsqu'on abaisse leur temperature."

177. Test of Atomic Divisors by Arithmetical Means.

The superiority of the combined phyllotactic divisors, over the surd

divisors, Gerber's empirical divisors and the hydrogen Unit, may be

further shown by comparing the mean percentages of difference from

exact multiples of the several divisors, in each of Gerber's groups :

}^(3-i/5). J^(v/5-l). H. Gerber. Phyllo-
tactic.

For the monatomic group .2549 .2404 .2034 .2140 .1804
" trivalent

" .2322 .2312 .1303 .0878 .0878
" di-ortetratomic " .23S5 .2755 .2140 .1072 .1044
" metallic

" .2598 .2543 .2342 .2635 .2546
" combined aggregate .2501 .2563 .2086 .1931 .1847

* See Proc. Amer. Phil. Soc, xvi, 298 seq.
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We find, therefore, that in this comparison the evidence of pliyllotactic

influence upon valency is more strilving tlian that of the hydrogen unit or

of Gerher's empirical divisors. In Gerber's special metallic group, how-

ever, the hydrogen unit furnishes the nearest, and Gerber's divisor the

most remote approximation.

178. Probable Errors of Atomic Remainders.

If the deviations from exact multiples of the several divisors are treated as

errors of observation, in order to determine the "probable error," we get

the following results :

Accidental. H. Gerber. Phyllotactic.

For the perissads ± .0502 ± .0433 ± .0371 ± .0300

" artiads ± .0294 zb .0280 ± .0178 i .0180

For all the elements d= .0266 ±.0236 ±.0163 ±.0154

The legitimacy of this treatment may be questioned, but it cannot be

charged with any unjust partiality. The artiads furnish an instance in

which Gerber's empirical divisors give the nearest approximation. The

hydrogen unit is still the least satisfactory of all.

179. Deduced Laws of Atomicity.

Notes 171-8 seem to justify the following conclusions :

1. If all the atomic weights were accurately determined, they would be

found to be exact multiples of the hydrogen unit.

2. Chemical combinations are influenced by phyllotactic laws, or by

tendencies to division in extreme and mean ratio.

3. Artiad and perissad combining units are diflerent, but connected by

phyllotactic ratios.

4. Metallic structure is controlled by phyllotactic laws.

180. Phyllotactic Relations to Oxygen.

In Note 138 1 showed that 37 of the elements, according to Clarke's table,

may be more nearly measured by yV O, while 26 approximate more

closely to exact multiples of H. If we take ^ O = 1.995 H, we get Gerber's

di- or tetratomic divisor, from which others may be deduced by simple

phyllotactic ratios :

Gerber.

Dj 1.995

H .9997

Di ..769

D^ 1.245

D3 1.559

The following comparative tables introduce all of Clarke's recalculated

atomic weights :
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Monntomic ; ^5, y, H, D^.

Phy

H
Li

Na
K

9

30^
51 y

Cs 173 7-

Fl 25/'

CI 46^
Br 104 Y
I 165 r
Ag 140 r

Tl 265/-

Rb 111 r

llotiictic.

.9975

6.9057

23.0190

39.1323

132.7429

19.1825

35.2958

79.7992

126.6045

107.4220

203.3345

85.1703

Ger

H
9Di
30 D,

51 Di
172 D,

25 Di
46 Di
104 D,

165 Dj

140 Di
265 Di

lUDi

ber.

.9997

6.921

23.070

39.219

132.268

19.225

35.374

79.976

126.885

107.660

203.785

85.359

Clarke.

1.0000

7.0073

22.998

39.019

132.583

18.984

35.370

79.768

126.557

107.675

203.715

85.251

Ji

.0000

.0010

.0001

.0005

.0031

.0008

.0106

.0029

.0035

.0030

.0014

.0029

J.

.0025

.0147

.0009

.0029

.0012

.0103

.0021

.0004

.0004

.0024

.0019

.0009

J3

.0003

.0125

.0031

.0051

.0024

.0125

.0001

.0026

.0026

.0001

.0003

.0013

I have added Tl and Rb to the elements which Gerbcr included in his

monatomic group. J,, Jj J3, are the ratios of the differences between

H, y and Dj, respectively, and the values which may be found by a divis-

ion of Clarke's atomicities by the theoretical atomicities. The arithmetical

mean values correspond with the order of arrangement, viz. : J,, .0028 ;

J2, .0034 ; J3, .0036.

Di- or Tetratomic ; a = D^.

Plij-1., Gerber.
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to complete the data for comparisons of probable error, I repeat this group,

with artiad divisors.

3IetaUic, II; « = D-^-

.0890

.0329

.0020

.0037

.0009

.0139

.0028

1.041

.0004

.0008

.0013

.0161

.0104

.0048

The mean deviation is .00885.

181. Comparative Summary.

Although I have shown in Note 149, that Schuster's test will often fail

to detect harmonies which really exist, it may be used with advantage in

many instances of comparative probability. The following tables seem to

furnish indisputable evidence of phyllotactic influence upon atomicity.

Logarithms of Probability.

Gl
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Relative Residuals,

Groups.
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Relative Probability.

Phyllotactic. Geiber. Hydrogen. Surd I. Surd II.

Aggregate 21145(10)»« 1763(10)15 378(10)" 3816.8 1

Mean 2.078 1.928 1.815 1.138 1

Residual 1.476 1.349 1.173 1.044 1

184. Another Comparative Summary.

If we take the percentages of deviation, instead of the fractional

deviations from exact multiples of the several divisors, and divide by the

number of hydrogen units which most nearly represents each of Clarke's

atomic weights, we obtain data for computing other probabilities and

probable errors, which are given below :

Loga/rithms of Relative Probability.

Groups.
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186. Foreshadowings.

The greatest superiority of S, over S>.,, as well as ofthe phyllotactic and ap-

proximately phyllotactic divisors over the hydrogen divisor, is found in the

di- and tetratomic group. The aggregate probability of liydrogcn influence

on atomicity is more than 9,900,000,000,000 times as great as that of S,, or

more than 37,800,000,000.000,000 times as great as that of S.,, or more than

242,700,000,000,000,000,000 times the probability of accidental coincidence.

Each of these numbers should be multiplied by 5592.6 to give the proba-

bility of the phj'llotactic divisors. The lowest surd probability in either

group is that of S, in the di- and tetratomic group, which is only 1.446 : 1,

or a little more than 13 : 9. Even this ratio, however, is satisfactory as

indicative of incipient action, and suggestive of researches in the "nascent

state," the "fourth state of matter," or in some other approximation to

the fEthereal condition. The artiad and metallic elements seem also to offer

fields for important future discovery in regard to modifications of phyllo-

tactic tendency by condensation or combination.

187. Hydrogen Sluires the Phyllotaciic Prohdbilities.

In the foregoing notes I have treated hydrogen as outside the phyllotac-

tic group, in order to find the probability of the hypotheses of Dalton and

Prout as compared with other reasonable hj'potheses. As a member of the

phyllotactic group, and the most general of the phyllotactic divisors, it

shares all the probabilities of the group. Therefore, if there is any value

in mathematical tests, the views of Berzelius, Turner, Marignac, Stas and

Clarke, as to the importance of the hj'drogen atom, should be accepted,

rather than those of Thomas Thomson and Dumas.

188. Inertia and Elasticity.

Thus the evidences are multiplying, in every direction, of the importante

of giving great heed to the blended sway of inertia and elasticity, in all

physical researches. The moment of inertia is of especial importance,

inasmuch as material particles, in an elastic medium, become the seats of

living forces which enable us to apply the laws of composition and reso-

lution of forces, to composition and resolution of motions. The principles

which I applied successfully, in 1868, to barometric estimates of the Sun's

niass and distance, have been abundantly exemplified in every field in

which I have sought for evidences of their influence, and now they are

found at the verj' threshold of material structure, where cohesive and
chemical attractions first show themselves.

189. Phyllotaxy of Central Force.

I have already spoken of the appearance of the phyllotactic numbers 1,

2, 3, 5 and 8, in crystallization, and especially in the mimicry of frost-

pictures. The simplest phenomena of central force introduce the first

three phyllotactic powers ; Kepler's third law gives the phyllotactic frac-
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tional exponent | ; the actions and reactions of elasticity and inertia in nu-

cleation, assign, as I have shown, the product of two phyllotactic expo-

nents, 2 X J
= §. in the ratio of variability between the nucleal radius

and Laplace's limiting radius ; the relations between density and distance,

in elastic media, change exponential to numerical coefficients. All of these

phyllotactic relations spring from simple and elementary mathematical

principles, to which the actions of central force must yield. If we call

the fundamental force radiodynamic, we may be continually reminded of

its alternating centripetal and centrifugal tendencies. If we call it photo-

dynamic, the term will be naturally suggestive of the all-pervading elas-

ticity or quasi-elasticity which propagates the rays of light and thus be-

comes the medium through which we get all our knowledge of heavenly

bodies, as well as the largest portion of our knowledge of all earthly phe-

nomena.

190. Phyllotaxy of Virtual Areas.

The planetary virtual areas, Notes 159 and 164, are jointly related

through the last two of the elementary phyllotactic principles of the fore-

going note. Beginning w^ith the largest and primitively central planetary

mass, the laws of nucleation and elasticity, acting first outwardly from the

Sun and then inwardly, help to determine the reactionary vis viva of Saturn,

Neptune, Uranus, Earth, Venus, Mars and Mercury, in regular succession.

In passing from the extra-asteroidal to the intra-asteroidal group, another

phyllotactic succession of phyllotactic ratios shows itself, the ratio between

-the harmonic areas* of Uranus and Earth being, within less than 1^ per

cent., (i)^ the exponent being the phyllotactic product 2x3. This is

also the coefficient of orbital retardation at the centre of the belt of great-

est condensation ; it is the | power of the ratio betw^een the harmonic

areas of Jupiter and Earth, thus pointing to Uranus as a nucleal locus for

which Jupiter represents Laplace's limit ; the locus of secular perihelion,

or incipient rupture, for Uranus, is nucleally central between the mean loci

of Jupiter and Neptune ; Uranus and Earth are at opposite extremities of

a major-axis which would be traversed by light in the same time that

Sun would rotate, if it were condensed until its present equatorial radius

became Laplace's limiting radius. These five accordances present a chain

of phyllotactic end photodynamic influences which seems worthy of fur-

ther study.

191. Optical and Thermal Relations in Organic Liquids.

Briihl {Ber. Berl. Chem.. Ges. xiv, 2533, Nov. 1881 ; cited in Am. Jcur.

Sci. [3], xxiii, 234), finds that progressive oxidation has the same influence

on the optical as on the thermal properties of organic liquids, the refractive

pow'cr diminishing as the amount of oxygen is increased, precisely as the

heat of combination diminishes. Removal of hydrogen or its replacement

by oxj^gen produces the same effect, so that both the above physical values

*The ratio of the actual virtual areas is within ^V of one percent, of (f )
•
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are greater for the hydrocarbons than for the alcohols, aldehydes, acids,

etc., derived from them.

193. Subsidiary Phyllotaxy.

Gerber (,Lcs Mondes, [3] i, 145), after referring to the accuracy with

which the atomic weights of nearly one-half of the chemical elements have

been determined, says :
— " Un pareil degre de rigueur ne saurait etre atteint

dans rapplication des lois d'Avogadro, de Dulong ct Petit, de Mitscherlich.

Celles-ci, comme il a ete dit, sont des lois de conditions, dont nous ne pos-

sedons qu' une formule provisoire." The phyllotaclic approximations are

so much closer than those which are here spoken of, that we may well

hope for some important results from their subsidiary employment in stoi-

chiometry.
193. Glueinum.

Gerber {I. c. pp. 146-9), thinks that the law of Dulong and Petit accords

better with the atomic weight which Nilson and Petersson assign to Glu-

einum, 13.6.5, than Avith the one which is adopted by Mayer and Mendele-

jeff, 9.1. The same thing may be said of the phyllotacticand the approxi-

mately phyllotactic divisors, for 13.65 = 11 X 1-245 -— .045 = 11 X 1-247

—.067, while 9.1 = 7 X 1245 + .385 = 7 X 1-247 + .371, the residuals

being, respectively, 8.5 and 5.5 times as great in the latter case as in the

former. This single change would increase the superiority in relative

probability, of the phyllotactic divisors over the hydrogen divisor, more

than twelve fold.

194. " The Principles of Magnetism.
'

'

Charles Morris (Jour, of Sci., [3] iv, 71) objects to the magnetic theories

of Ampere and Weber, as follows : "The Amperian theory is constantly

and gravely repeated in te.xt-books, to the present day, without a hint

being given of the indisputable fact that it is quite at variance with the

principles of energy, as now understood. It is easy to imagine a constant

current of electricity, and make it answer a definite purpose, but the truth

is that no such thing exists as a constant current of electricity, in the Am-
perian sense." He goes on to speak of the currents of static electricity as

being instantaneous, while those of galvanic and thermo-electricity consist

of instantaneous components and cease when the chemical or thermal

equilibrium is restored. But is the equilibrium in the terrestrial thermal

and gravitating currents ever restored? In 1864 (Proc. A. P.. S., ix, 357,

foot-note) I showed that the opposing forces of rotation, elasticity and

gravitation must produce oscillations. In various preceding and subse-

quent papers I showed that those oscillations must produce constant cur-

rents of such descriptions as Ampere supposed.

195. Dogmatism.

Many modern investigators, who pride themselves on their freedom

from the dreams of metaphysics, continually fall into waj'S which they
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theoretically condemn. There is fully as much dogmatism in physics as

in metaphysics. Whenever it springs from a well-grounded conviction,

•which has been once thoroughly tested and which always courts a repeti-

tion of tests, it is not only unobjectionable but it is highly commendable.

On tlie other hand Avhen it is merely theoretical, or the outgrowth of in-

veterate prejudice, it has no rightful place in any discussion which claims

to be scientific.

196. Numerical Tests.

There has been an immense amount of valuable mathematical analy-

sis which has been misunderstood, or ' but partially understood, for

want of being properly tested. Results are never valid except for

the data which they embody ; they are always subject to modifica-

tion by neglected, unknown or new data. The "opprobrium of ther-

modynamics" amounts to nothing more than the statement that, from

the data which have been discussed hitherto, there appears to be a

universal tendency to physical stagnation and death. The principle

of equal action and reaction ought to furnish some means of escape from

this opprobrium. The way of escape seems to have been indicated by the

identification of a common operative velocity in light, electricity, chemis-

try and gravitation. A single theoretical result which has been quantita-

tively verified, is worth more than a thousand that are thought to be be-

yond the reach of verification. The theory of dependent connection be-

tween stellar rotary oscillations and the reaction of cosmical inertia against

sethereal influence (Note 162 et al.), having been verified by the test of our

Sun, seems likely to open the way for a general recognition of an sethereal

reaction which will yield an exact compensation for all physical actions,

affording a more satisfactory explanation of stellar light and heat than can

be drawn from meteoric or shrinkage hypotheses.

197. Velocity of Oramitating Action.

Objections have been urged against the possibility of making gravitation

the effect of light undulations unless we first overthrow Laplace's conclu-

sion, that gravity must act with at least a hundred million times the velocity

of light and that its action may be regarded as instantaneous. I answer :—

•

1. I have never claimed tbat any physical phenomenon is the efiect of an-

other physical phenomenon, but merely that the phenomena of light and

gravitation are so related as to show that they may be effects of a common
cause. 2. The rapidity of action and the rapidity with which the results

of the action are propagated are two entirely different things. 3. If the

results of gravitating and luminous actions and reactions are identified in

stellar rotations, it is altogether likely that the forces upon which these re-

sults depend act with equal speed. 4. Ea'cu if it should be found neces-

sary to propagate gravitating undulations with a hundred million times the

velocity of light, it would be as easy to suppose a gravitating aether, with

a ratio of elasticity to density which is (100,000,000)^ times that of the

PROC. AMER. FHILOS. SOC. XX. Ill 2g. PRINTED MAY 19, 1882.
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Inminiferous aether, as it is to suppose a liiminiferous aether. 5. All nebular,

aethereal, and otjier imveriliable liypotlieses are useful only so far as they

serve to coordinate categories of phenomena which occur as they would if

tlxe hypotheses were true. 0. I showed, long ago, that no merely ph}'sical

theory or hypothesis has ever been framed which would explain the instan-

taneous transmission of velocity, and that such transmission, if it exists

and is not physical, must be regarded as spiritual.

198. Varying Gravitating Velocities. •

The foregoing objections may be further obviated by a consideration of

the fact that gravitating velocities begin with mere tendencies to motion,

and that some time must elapse before the velocity becomes appreciable.

The difficulty which Faraday found, in reconciling the conservation of en-

ergy and the correlations of force with gravitating tendencies which vary

inversely as the square of the distance, is a mathematical difficulty which

is equally involved in heat, light, electricity and all other manifestations

of radiant energy. The element of constancy may be found in a uniform

elementary velocity, as in the general expression for stellar gravitating

acceleration, g^= f^
in which n^ is the acceleration of a particle at the

«

distance n, «x, is the velocity of light, and t^ is the time of a single oscil-

lation or half-rotation if the star w^ere uniformly expanded until it had a

radius equal to n.

199. Commensurability and Incommensurability.

In his original paper {Math. Monthly, i, 245), Chauncey Wright said :

" But if now we seek a uniform and s)-mmetrical distribution as well as a

thorough one, the interval between the successive points must be constant,

and if the circumference is to be indelinitelv subdivided, this interval is, of

course, incommensurate." Such indefinite subdivision can hardly be

looked for in any of the ordinary concrete physical phenomena, hence we
find that the chemical and other approximations which we have examined

are better represented by exact phyllotactjc ratios than by the surd distrib-

utive tendencies. Still it seems likelj' that the want of precise commensur-

ability, which is found in Clarke's table, may arise from a residual tendency

to indefinite subdivision, and for this reason we may find that no increased

accuracy in the determination of atomic weights will lead to the establish-

ment of any series of divisors which are absolutely exact. I can think of

no case in which the incommensurability of the surd divisoi-s seems likely

to be more completely represented than in the Amperian currents (Note

194).

200. "Celestial Chemistry."

Dr. T. Sterry Hunt {Proc. Camh. Phil. Sac, reprinted in Ain. Jour. Sci.,

Feb. 1882), recites "certain views enunciated almost simultaneously

by the late Sir Benjamin Brodie, of Oxford, and" himself, in the line of
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development and extension of "the remarkable perception of great chemi-

cal truths which is apparent in the queries appended to tlie third book of

Newton's Optics, as well as in his hypotliesis touching Light and Color."

Brodie's first announcement of the assumed existence of certain ideal ele-

ments was read before the Royal Society, May 8, 180G, and in the Spring

of 1867 Hunt "spent several days in Paris with the late Henri Sainte-

Claire Deville, repeating with him some of his remarkable experiments in

chemical dissociation, the theory of which [they] then discussed in its re-

lations to Faye's solar hypothesis." I first invited attention to the "na-

scent" cosmical equation, or the equation which marks the limiting ve-

locity between tendencies to cosmical aggregation and to cosmical dissocia-

gt
tion V = -g, on Dec. 18, 18G3 (Proc. Am. P/iil. Soc., ix, 284 7). On April 1,

1864 (lb., p. 357), I said : "Absolute rest is apparentlj' an impossible con-

dition of matter, for, to whatever extent the action of opposing forces may
be relatively neutralized, the inconceivable rapidity of sethereal, planetary

and stellar motions produces a constant change of place. * * *

The sum of all the instantaneous energies is the same, whether the parti-

cle fall freely for any given time, or remain apparently at rest. All the

potential energy which is transformed in one case into the actual energy

of motion, in the other is counteracted by an equivalent and opposite actual

energy of elasticity." On July 15, 1864 (lb. p. 408), I suggested "that

one of the most probable results of the rotation of the Earth with its atmos-

phere, in an sethereal medium, would be the production of two systems of

oscillations, moving with the rapidity of light." In October and Decem-
ber, 1864, 1 presented to the American Philosophical Society the " Numeri-

cal relations of gravity and magnetism," for which the Society awarded

its Magellanic gold medal, as furnishing "good reason to hope that by the

application of mechanical laws to the several phases of the fethereal undu-

lations which produce the phenomena of light, heat, electricity, polarity,

aggregation and diffusion, we may obtain a clearer understanding, not

only of all the meteorological changes, but also of seismic tremors, crys-

tallization, stratification, chemical action, and general morphology," (lb.,

p. 439). On Sept. 21, 1866 (Op. cit., x. 269), I gave my first indication of

the photodynamic importance of Earth's situation at the centre of the belt

of greatest condensation, and on April 2, 1869 (lb., xi. 106-7), I showed
that Sun's nascent or dissociative velocity is the velocity of light.

201. Nitrogen and the Perissads.

If Newton's belief that the inter-stellar sether is an expanded, universal

atmosphere, is true, it seems likely that the two principal constituent gases

of our own atmosphere may be everywhere as abundant, relatively, as they

are within the reach of our immediate observation. Even if this is not the

case, we may reasonably look for some special mathematical evidences of

the importance of two gases which have so wide a local diffusion, and

which have so large a sway in chemical combination and in organic
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growth. lu Note 54 I showed that a large number of the elements contain

either 7 or 8, as one of the factors of the integers which most nearly repre-

sent their atomicity according to the hypotheses of Dalton and Prout.

These two numbers denote respectively the simplest phyllotactic sub-mul-

tiples ofN and O. If we use the former as a divisor of the perissads, treat-

ing the remainders as in the foregoing notes, we get the following results :

Log. R.
"5". 8633229

.3005955

.4743620

T. 6201360

.3044905

T. 568201

7

.4421661

T. 7458553

-4373238

T. 8543060

.0972573

2.6980170

2". 3222193

.4709982

.3184807

T. 9800034

.3939260

T. 1903317

.4855795

T. 1583625

.3533391

2". 6732404
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Ca
Sr

Ba
C
Si

Ti

Zr

Sn
Hg
Mo
W
U

Coefficient of D.

5

11

17

1

4

6

11

15

25

12

23

30

Remainder.

— .010

— .626

+ .763

4- 3.9736

— 3.805

-f 1.846

— 1.367

— 3.302

— .288

— .473

— .390

— 1.518

Log. R.

2". 0000000

T. 7965743

T. 8825245.

.5991841

.5803547

.2662317

.1357685

.3621053

T. 4593925

T. 6748611

T. 5910646

.1812718
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Log. of Di- and Tetratomic probability; log. 2" — ¥.5932287 = 12.5242813

" Metallic"
" " 2"— 2.4334051= 5.6944049

" Total Artiad " 18.2186802

" Aggregate, Per.and Art. " 25.7081898

" Mean " .4016920

By reference to Notes 181 and 183, it will be seen that the aggregate

probability of atmospheric phyllotactic influence is more than 37.6 times

as great as that of simple phyllotactic influence, more than 4510 times as

great as that of Gerber's divisors, more than 210363 times as great as that

of the hydrogen divisor, or more than 2,083,840,000.000,000,000 times as

great as that of the first surd divisor.

203. Pi-edpitahility.

The Philosophical Magazine for March 1882, contains two papers, one

by Mills and Bicket, the other by Mills and Hunt, on chemical equiva-

lence, as estimated by "equivalent precipitability of sulphates, by sodic

carbonate, from an aqueous solution." Among the conclusions which

they have drawn from their work the following seem to be especially

noteworthy :—1. Precipitability is a linear function of mass. 2. There

is some evidence that the precipitabilities of the commixed and separate

sulphates are mathematically related in a simple manner. 3. Within

moderate limits, precipitation is not traceably affected by temperature.

4. Two elements belong to the same group when, in saline solutions of

identical genus, they may be equally precipitable. The simplicity and

character of these conclusions are such as to suggest sethereal influence, a

suggestion which is strengthened by the final equation, v = o = .3819
; v

and 8 being, respectively, the ratio of precipitability to the quantity of

nickelous and cadmic sulphate taken. The ratio is the same, to the

fourth decimal place, as the first surd divisor in extreme and mean ratio,

.381966, thus indicating a beginning of phyllotactic tendency which is

very satisfactory.

204. Electrical Conductivity of Oases.

Edlund (P. Mag. [5] xiii, 201), cites the experiments of Edm. Becquerel

{Ann. de Ch. et de Ph. [3] xxxix, 377), showing " that gases begin to be

conductors when heated to the temperature of redness, after which their

conductivity increases in proportion as the temperature rises above that

point," the conductivity increasing as the density of the gas diminishes.

This approach to the sethereal condition is also an approach to the

fundamental a-thereal vis viva, which is shown by the identity of velocity

in the propagation of luminous undulations, the electrical "ratio," and

the gravitating reactions of stellar rotation.
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205. Ratio of yEthereal Elasticity to Density.

In my first approximation to the ratio between atmospheric and {ethereal

elasticities {Proc. Amer. Phil. Boc, ix, 440), I followed Herschel, in suppos-

ing that the velocity of light, in the interstellar spaces, is uniform, and that,

consequently, the elasticity of free tether A^aries directly as its density. The
same conclusion would follow from Xewton's views (See Note 200), and
is involved in Edlund's discussions of the relations of electricity to heat.

Every additional evidence of harmonic relations, that is brought to light

through the application of the laws of gaseous elasticity to the kinetic

sether, is also an additional evidence of the truth of the hypothesis that all

physical energy is transmitted by means of a universally diffused elastic

medium.

206. Spectrum of Lightning.

Schuster (P. Mag., [5] vii, 319), gives some of his measurements, at

different times, of lines or bands in the lightning-spectrum, comparing the

means with two measurements which Vogel had deduced from his own
observations. The harmonic character of the lines is clearly shown by
the following tables. The value of a, in the harmonic divisors, is .01578.-

Schuster. Meau. Vogel. Harmonic. Harmonic Divisors

5593 5592 1

5348

5329 5334 5341 5339 1 + 3 a

5325

5260 5260 1 + 4 a

5175

5193 5182 5184 5183 1 + 5 a
5177

207. Torsion, Flexion and Magnetism.

G. Wiedemann {La Lumiere Electrique, vi, 90), in speaking of results

obtained by the torsion of wires and the flexure of rods, says that the phe-

nomena correspond so closely with those of magnetism that the words
"torsion" and "magnetism" are almost always interchangeable. This

is a further illustration of the identity of fundamental vis viva, which was
spoken of in Note 204, and which is especially exemplified by the applica-

tion of Coulomb's torsional coefficient to solar rotation (Note 162). My
earliest "numerical relations of gravity and magnetism" {Proc. Amer.
Phil. Soc, ix, 355—60, 425—40, et al.) were based upon the mechanical

consequences of rotation in an elastic medium.

208. Phyllotaxy and Atomic Heat.

The constant product of atomic weight by specific heat, 6, which is indi-

cated by the law of Dulong and Petit, is equivalent to the continued pro-

duct of the first three numbers of the phyllotactic series 1x2x3. Were
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this an isolated fiirt, little importance could be attached to it, but when
we bring it to the test of mathematical probability, it becomes suggestive

of relations which may, perhaps, lead to important discoveries. In the

following comparison D indicates the estimate of atomic heat which

deviates least from 6 {Meyer, Modcrnen Theor. d. Chem. Ed. of 1880, 90,

106) ; '\, the ratio of deviation from exact correspondence with the theo-

retical value ; C, the observed multiples and values of the perissad and

artiad divisors (Notes 201—3) ; 8^, their deviation from the theoretical

values

:
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1) «i C &,

Pe 6.3 .0500 7 X 8.0 .0000

Ga 5.5 .0833 9 X 7.7 .0375

In 6.5 .0833 14 x 8.1 .0125

Zn 6.1 .0167 18 x 8.1 .0125

Cd 6. .0000 14 X 8.0 .0000

Mn 6.7 .1167 7 X 7.7 .0375

Ni 6.4 ' .0667 7 x 8.3 -0375

Co 6.3 .0500 7 X 8.4 .0500

Cu 6. .0000 8 X 7.9 .0125

Pb 6.3 .0500 26 X 7.9 .0125

Ru 6.3 .0500 13 X 8.0 .0000

Rd 6. .0000 13 X 8.0 .0000

Pd 6.3 .0500 13 X 8.1 .0125

Ir 6.3 .0500 24 x 8.0 .0000

Pt 6.3 .0500 24 X 8.1 .0125

Os 6.2 .0333 25 x 7.9 .0125

Ce 6.3 .0500 18 X 7.8 .0250

La 6.2 .0333 17 X 8.1 .0125

Di 6.4 .0667 18 X 8.0 .0000

This comparison shows that the general deviations from Dulong and

Petit's law, while they are of the same order of magnitude, are much
greater than the deviations from the perissad and artiad divisors.

209. Secondary Character of Perissad Phyllotaxy.

Although the fractions which are formed by successive approximations

to the surd divisors represent phyllotactic dextro- and laevo-gyration, other

series of a higher order may spring from greater initial diflFerences. If we
skip the first even number, we get the series 1, 3, 4, 7, 11, 18, etc. Hence
we see that the fundamental perissad and artiad divisors both start from

the phyllotactic number which most nearly represents the first surd

divisor, 3, and are formed by adding the next artiad number for the peris-

sad divisor, and the next perissad number for the artiad divisor. The co-

efficient of atomic heat is also formed from the same representative of

division in extreme and mean ratio by taking its simplest artiad multi-

ple, 2x3.
210. Comparison of Probabilities.

In looking more closely into the deviations w hich are given in Note 208,

we find the following indications of superiority in the perissad and artiad

divisors :

1. The approximation of the observed values within .05 of the theoreti-

cal values occurs 19 times in my columns, and only 9 times in those of

Dulong and Petit.

2. The average deviations are, i\ = .0642 ; 8.^ = .0344.

PROC. AMER. PHILOS. SOC. XX. 111. 2h. PRINTED JUNE 3, 1882.
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3. The sums ot the logarithms of the reciprocals of deviation, whieh
indicate the aggregate relative probabilities of normal influence, are :

70.4555173 ; 89.2627807.

4. The ratio of aggregate probabilities is, therefore, P^ : P.^ : : 1 : 64159

(10)'*. The ratio of mean probabilities, P^^, is p^ : p.^ : : 1 : 2.1976.

5. Testing the hydrogen unit in a like way, I find the average deviation,

(Js — .0024
; I log (1 -^ di) = 152.5459742 ; log. relative probability, taking

Pj, as the unit, 82.0904569. This gives, P, = 12315 (lO)'^
; p^ = 81.0852.

6. In accordance with the principle of least squares, these values of p
should be reduced inversely as the fundamental divisors. This gives

Pi-.Pt-Ps'Pi--'^ • 1'71 : 4.44 : 5.08 ;
log (P, -- P^) = 12.8482860 ; log

(P^ ^ Pj) = 35.6100415 ; log (P, h- P,) = 38.8306765
; p^ and P, being re-

'spectively, the mean and aggregate probabilities of the phyllotactic

divisors (Note 181). The corresponding mean relative probabilities for

jSj, S2, and Gerber's divisors are respectively, 2.78, 2.45, 4.72.

211. Suggestionsfor Further Investigation.

The ratio between Pj andpg, in the foregoing note, has been gradually

diminished by successive approximations, and by making allowance for

theoretical considerations, which have seemed to justify the adoption of

some exact multiple or submultiple of an atomic weight which had been pre-

viously accepted. The ratio between p-^ and p.,, favorable as it already is

for the latter, is based upon a comparison of the latest revision of the

atomic heats with the first crude application of the perissad and artiad divi-

sors. If Dulong and Petit's law is entitled to great weight in determi-

nations of atomicity, a still stronger claim may be urged in behalt of

divisors which have a mean probability that is more than 70 per cent,

greater. If Dumas's proposed modification of Front's hypothesis were

applied to Si and Cr, their atomicities would be verj' closely represented

by I X 8 and ^j^ X 8 ; P is very nearly f X 8 X 7, or very nearly %" of

the monatomic phyllotactic divisor ; Na is about 30 times the monatomic

divisor or 2 X H. H being the phyllotactic number which follows 7 in the

secondary series (Note 209) ; Bo is 7.018 times its proper phyllotactic

divisor. Si, Cr, Na and P may, perhaps, have tendencies towards the

opposite group, perissad or artiad, the investigation of which may throw

light upon the beginnings of valency.

212. Chemical Electricity.

Davy's discovery of potassium laid the foundation of electrolysis, intro-

ducing polarity as an important modifier of chemical attraction. The at-

tractions and repulsions of Sir William Thomson's hj'pothetical vortex-

atoms involve gyroscopic tendencies to maintain uniform planes of rota-

tion, which must aid the normal arrangements of ethereal particles (Proc.

Am. Phil. Soc, xii, 408) in the determination of axial and polar, centri-

fugal and centripetal relations. Hence arise various combinations of
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motion and tendencies to motion, which are obedient to simple mechanical

laws, and which give rise to the different classes of radiodynamic phe-

nomena which we call gravitating, electric, magnetic, thermal, chemical,

etc. In consequence of the universality of motion, which seems to make
absolute equilibrium an absolute impossibility, the tendencies to division in

extreme and mean ratio are never repeated in the same exact plane, but

they partake of a more or less intricate spiral character, such as is uni-

formly shown in vegetable growth. The comparative relative stability of

axes, even in ultimate molecules and atoms, must produce sethereal oscilla-

tions which are parallel to the axis, as well as those which are radial and

tangential {Op. cit., ix, 408), giving rise to solenoidal currents, such as are

assumed in Ampere's hypothesis.

213. Earth' s '' Pulsation Period."

'Prociov {Contemporary Rev., March, 1882, p. 479), speaks of "the time

when the Earth's rotation began to approach to synchroiiism with her pulsa-

tion period " or "the period of vibration of her mass after any impulse (af-

fecting the whole Earth) had been received from without. The Earth would

as certainly have had such a pulsation period as the vibrating substance of a

bell has." This admission is interesting as an evidence of increasing recog-

nition of the truths which are involved in Herschel's doctrine of nebular

elasticity or quasi-elasticity, and which are the groundwork of all my har--

monic researches. Proctor, however, in trying to explain the supposed

retardation of Earth's rotation, overlooks the more than three hundred-

fold acceleration which Laplace's hypothesis would require.

214. The ^'Reproach" of Thermodynamics.

The hypothesis that stellar systems are cooling, condensing and giving

out heat, imparting their vis viva to the luminiferous aether without receiv-

ing anything in return, and that, consequently, all things are tending to

ultimate physical stagnation and universal death, is so unphilosophical

and altogether unsatisfactory as to show that some important element

must have been overlooked. If we were granted infinite elasticity, or a

medium acting under elastic laws but without density, Laplace's supposed

instantaneous transmission of gravitating action might be represented by
well-known physical formulae . In other words, if we could conceive of a

material medium endowed with qualities which are not material, some of

the difficulties of pure materialism would be removed. What name could

be given to such a medium, but spirit? Spiritual, conscious, "upholding"

and controlling power is conceivable ; without such a conception, the most

important of all phenomena are wholly inexplicable. Any hypothe-

sis that an unconscious universe could ever have wound itself up like a

clock, is childish ; the belief that, after having wound itself up, it would'

allow itself to run down without winding itself up again is more

childish still. The confession that we can see no escape from final stag-
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nation imposes no restraint on the universe ; it is only a confession of our

own shortsightedness. He who sees the necessity of a Wise, Everlasting

and Almighty Omnipresence, also sees that the present order of things

must continue as long as its Ruler wills. lie who sees that the Omnipres-

ent Power acts "in ways which may be represented by harmonic or cycli-

cal undulations in an elastic medium," also sees that more is implied in

the equality of elastic action and reaction than has yet been fathomed by

the sounding line of the most skillful analysis.

215. Tides.

The danger of hasty generalizations from investigations which are neces-

sarily of a partial character, is well illustrated by the various speculations

which have been set forth about tidal action. The equilibrium-hypothesis and

each of the dynamic hypotheses have severally considered important rela-

tions and interactions between the disturbed and disturbing bodies, but the

incompleteness of them all is shown by our inability yet to explain some
of the phenomena which are of daily occurrence, as well as by our com-

plete ignorance as to the normal position of the tidal crests. Bernouilli, and

Laplace for certain mean depths of ocean, assumed that it should be high

water under the moon ; Laplace for other depths, Delaunay and Airy

have given satisfactory evidences of tendencies to high tide when the moon
is in the horizon ; sailors have a prevalent belief that the high water, in

mid-ocean, lags about three hours behind the moon; many mathematicians

think that either friction or inertia may produce such lagging, but it has

never been shown that there is any tidal friction, or that inertia

can delay any normal tidal action. Some of the most satisfactory

results have been reached through considerations of the elasticity

which is involved in wave-propagation, but the inter-molecular elasticity,

the extent to which the several particles of water are free to fall towards

or recede from the attracting body, and the variations of weight conse-

quent on variations of gravitating tendency, have not been sufficiently

studied.

216. Barometric Analogy.

Fortunately, upon at least one of the foregoing points, we can ask nature

a simple question, to Avhich she gives a satisfactory answer. Is there any

evidence of tidal disturbance of weight? Yes, in the daily fluctuations of

the barometer. They are certainly tidal, even if we fail to see in them any

likeness to the ocean tides. The air, which is heated and expanded by the

sun's rays, is carried forward by the earth, in its orbital revolution and

daily rotation, with a continual tendency of each particle to maintain the

instantaneous direction of its motion. This tendency is represented, not

by the simple momentum of the particles, but by their vis viva, and is ac-

companied by gravitating tendencies, which are sometimes antagonistic

and sometimes co-operative, towards the earth and towards the sun.

Their own elasticity concurs with the elasticity of any ifltervening me-
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dium, in adjusting their relative positions to the ever-varying requirements

of equilibrium, and causing harmonic oscillations which are easily trace-

able by means of systematic barometric observations. There can be no

friction, provided the adjustments are made by the simple approach or

separation of particles, and such appears to be the case. In the most

thorough series of observations that has been published for any station

near the equator, the harmonic oscillations are of the simplest character

conceivable, representing the quarter-daily sums of the instantaneous ten-

dencies and the changes in atmospheric weight so accurately as to give an

estimate of Sun's distance, which differs by less than one-half of one per

cent, from the latest astronomical estimates {Proc. Am. Ph. Soc, ix, 287;

X, 375-6, foot note.)

217. Ratio of Tidal Adjustments.

Sir William Thomson has found a partial solution of the theoretical re-

quirements of terrestrial rigidity, in his theory of vortex atoms. Perhaps

the solution may be completed by supposing an intermolecular elasticity

which is greater than that of glass, instead of a rigidity which is greater

than that of glass. The influence of atmospheric pressure on the height of

ocean tides, which has been noticed by many observers, suggests the

likelihood that the whole mass of the earth may contribute to the adjust-

ments of equilibrium which satisfy tidal tendencies. If that is the case,

the entire change which would be required in the distance between any
two molecular centres is less than ^Tro^TTiro ^^ their mean distance, even at

the spring tides, Avhen the sun and moon combine their disturbing ener-

gies. The whole adjustment might be accomplished, through aethereal

elasticity, in less than ^^ of a second, but it only needs to be accomplished

four times in about 25 hours.

218. Summation of Tendencies.

The triumphs of calculus spring from the fact that its differentials repre-

sent only tendencies and its integrals are summations of tendencies. No
integration or series of integrations can be rightly looked upon as con-

clusive, unless it has been extended to all the tendencies which can have

any bearing upon the problem which we are examining. Nothing is more

certain than mathematics, except our knowledge of our own spiritual

existence and faculties. Neither in mathematics nor in psychology, how-

ever, is it safe to assign any value to our results beyond their necessary re-

lations to the data from which they were obtained. Delaunay's hypothe-

sis of tidal friction undoubtedly follows from his postulates, and if we ac-

cept it, we may be satisfied with the explanation which it gives of appar-

ent lunar retardation, but his postulates are not all axiomatic ; they do

not cover the whole ground ; and the errors in the lunar tables may spring

from some portion of a cycle of mutually compensating perturbations.

The tidal tendencies are towards accelerated rotation in two of the quad-
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rants and towards retarded rotation in the other two, the sum of the ac-

celerating being exactly equal to the sum of the retarding tendencies. No
evidence has ever been adduced of any actual lagging of the water to

maintain the normal position of the tidal crests relatively to the moon.

There are many reasons for believing that the apparent westward motion,

with a mean equatorial velocity of 1000 miles an hour, is only a motion of

form, maintained by the combined influences of intermolecular elasticity,

atomic elasticity or quasi-elasticity, variations of pressure on account of

varying attraction, and such wave propagation as may be needed for the

adjustment of opposite meridional and horizontal, static and dynamic ten-

dencies. The adjustment may be brought about, as I have shown in Note

217, without any frictional diminution of the speed of rotation.

219. The Moan and the Chief Planetary Belt.

The importance of Earth's position, at the centre of the belt of greatest

condensation, is further shown by the harmonic reactions between the

Jupiter-Saturnian belt and Earth, with its satellite. The shortening of

rotation-period which would represent a nebular contraction of Sun from

Jupiter's to Earth's mean locus, corresponds to the shortening which

would represent a contraction from Moon's semi-axis major to Laplace's

terrestrial limit ; the ratio between Moon's synodic and sidereal periods*

corresponds to the ratio between the locus of Saturn's incipient subsidence •

(secular aphelion) and axis-major. The time of rotation, in an expanding

or contracting nebula, varies inversely as the square of radius :

(/'5 -^ />J'
= 5-20282 = 27.0G912.

Sidereaf month -4- day = 27. 32160.

Synodic -r- sidereal month = 1.08087.

Saturn's sec. aph. -r- mean* ;= 1.08433.

220. Stability of Rotation-Periods.

The relations of stellar rotation to oscillations which are propagated

with the velocity of light, the relations of primary planetary rotation to

planetary revolution, the relations of molecular rotation to electric, mag-

netic and tidal phenomena, the constancy of tendencies to harmonic oscil-

lation, the confirmation of nebular theories which is afforded by the

foregoing note, and the principle that no change in the vis vina of a

system can take place without foreign action, all indicate a stability

of rotation which is inconsistent with the hypothesis of tidal friction.

Moreover, the closeness of accordance between the mean daily thermal

and hygrometric adjustments of elasticity and the tidal variations of at-

mospheric pressure {Proc. Am. Ph. Soe., ix, 284.-6, 291-3, 846-8), an ac-

cordance which is also shown in the lunar-monthly barometric tides {lb.,

395-0; Proe. Roy. 80c. xiii, 329-33), furnishes additional grounds for be-

lieving that rotation is only modified revolution, that its period is deter-

* Aocovfllng to Stockwell.
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•mined by a summation ot all the tendencies to revolution which bear upon

each and all the molecules of the rotating body, and that tidal variations

of weight or pressure are as important in earth- and ocean-tides as in at-

mospheric tides.

221. " There is much Virtue in If."

Pome extracts from a lecture by Dr. Ball, the Astronomer Royal of

Ireland, have lately been largely copied by the newspapers. They con-

tain a statement that the moon was once only 40,000 miles away, and that

it thus acted as a geological engine of transcendent power. The state-

ment is somewhat qualified by the proviso that if the present tides are

three feet, and if the early tides were 216 times their present amount, then

it is plain that the ancient tides must have been 648 feet. This qualifica-

tion is not sufficient, and it is misleading, because it will be generally un-

derstood as covering all the points about which there is any uncertainty.

Science in its claims of exactness, cannot afibrd to hazard any claims

which can be easily refuted. It is true that there are many astronomers

who believe that Delaunay's views are correct, but there are probably few

who think that they have been conclusively demonstrated. If the moon
pulls the ocean-waters around the earth, in a direction opposite to its daily

rotation, at the rate of a thousand miles an hour, or at any less rate ; if

the friction, which would result from such a pull, is not compensated in

some way which is not yet fully known ; if there is a bulge of tidal water

which cannot fully keep up with the moon, and which, by its attraction

on the moon, tends to retard its orbital velocity; if all the mathematical

conclusions which it seems reasonable to draw from such supposed retard-

ation are correct, and if the "reproach" of thermodynamics must be ac-

cepted without qualification, the moon may be receding from the earth.

222. Weakness of the Postulates.

In examining the provisos of the foregoing note, we find :—In the first

place, no tidal currents have ever been observed which indicate a lagging

tendency in ocean waters. Secondly, there is no evidence whatever to

show that the earth's rotation has been retarded by friction. Thirdly,

there is no evidence to show that the moon's orbital motion has been re-

tarded by the ocean tides. Fourthly, the number of elements which must

enter into any calculation of planetary disturbances is so great that no

prudent mathematician ever looks for more than an approximation .to

such results as he desires. Fifthly, the difliculties which are encountered

in trying to explain irregularities of orbital motion, are vastly enhanced

when we come to deal with the complicated tendencies of planetary rota-

tion. Sixthly, there is as much reason to believe that the moon may be

gradually falling to the earth, as there is to believe that the earth may be

gradually falling to the sun. Seventhly, the accelerating and retarding

tendencies ot sethereal elasticity and resistance are but little understood.

Eighthly, all of the possible compen8ator3' adjustments, to which I hav6
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referred in foregoing notes, should be thoroughly investigated before

forming any conclusive opinion respecting Delaunay's hypothesis. Ninth-

ly, even after such investigation, the remembrance of other possible un-

known influences should prevent anything like dogmatical assertion.

223. The " Ifs" of Elasticity.

I shall not shrink from any criticism such as is implied in the following

"retort courteous" : If there is a universal ajthereal medium; if it is

endowed with an elasticity somewhat like that of gases ; if its velocity of

wave-propagation can be expressed by the ordinary formula of relation

between elasticity and density ; if the laws of harmonic vibration in elastic

media, which have been mathematically deduced, are correct ; if the

!«thereal tis viva can be shared with chemical atoms and cosmical masses ;

if nebular "subsidence" has been governed by the laws of gravitation ;

if all kinds of energy are simple functions of mass and velocity, and "if

all the mathematical conclusions which it seems reasonable to draw from"

these hypotheses are correct, the general postulate that "all physical

phenomena are due to an Omnipresent Power, acting in ways which may

be represented by harmonic or cyclical undulations in an elastic medium "

may be accepted as a good working hypothesis.

224. Acceptance of the Issue.

These provisos cover the whole ground, as fully as I could wish. I have

never claimed, nor have I believed, that any scientific thesis can be freed

from the limitations which are involved in its fundamental assumptions.

"While I fully believe in the impossibility of anything acting except where

it is, in the existence of a universal elastic medium which is governed by

radiodynamic and harmonic laws, and in the uniformity of physical force.

I am well aware that they are incapable of mathematical demonstration

and I have repeatedlj'- acknowledged that the nebular and a;thereal

hypotheses have no scientific value beyond such helpful coordination ot

phenomena as they may furnish. The tidal "ifs " are mere assumptions,

adduced in order to account for an apparent retardation which is altogether

problematical and which, if it should prove to be real, may be followed

by an equivalent acceleration ; the elastic "ifs" are all intrinsically proba

ble, and instead of having been assumed for a special purpose they repre-

sent simple and natural generalizations from a wide range of independent

physical phenomena. The tidal ifs are like Bacon's "barren virgins ;"

the elastic ifs have already led to the discovery of a vast number of natural

harmonies and the field for further like discovery widens so rapidly that

every physical atom seems to contribute its individual melody, to the ever-

resounding and ever-changing choral strains which constitute the music

of the spheres. Although centripetal and centrifugal activities may be

expressed by identical formulae, it is difficult, if not impossible, to form

any definite conception of attracting pulls. Elastic thrusts are exemplified

by every breath that we draw, every object that we see, every sound that



1882.] ^ * ^ [Chase.

we hear, and Anderssohn* has experimentally shown that they can ade-

quately represent all varieties of gravitating and electromagnetic phe-

nomena.

225. A Scientific Statement of the Tidal Problems.

The "Astronomy for Schools and Colleges," by Newcomb and Holden

(Ed. of 1879, p. 107), speaks with true scientific caution, as follows:

—

"The theory of the tides offers very complicated problems, which have

taxed the powers of mathematicians for several generations. These prob-

lems are in their elements less simple than those presented by the motions

of the planets, owing to the number of disturbing circumstances which

enter into them. The various depths of the ocean at different points, the

friction of the water, its momentum when it is once in motion, the effect

of the coast-lines, have all to be taken into account. These quantities are

so far from being exactly known that the theory of the tides can be ex-

pressed only by some general principles which do not suffice to enable us

to predict them for any given place."

226. Cometary Spectra.

The uncertainties of measurement and the harmonic indications which

are given in spite of those uncertainties may be illustrated by comparing

observations of like objects by different reporters. Tacchini gives {Ann.

de Chim. et de Phys., xxv, 286) measurements of the spectral lines in comet

h, 1881, which correspond satisfactorily with lines in Hesselber's carbon

spectrum. The harmonic accordance is equally satisfactory.

Harmonic. Tacchini.

37527.7^68 = 551.9 552.1

37527. 7 -- 73 = 514.

1

514.

1

37527.7 -4- 81 = 463.2 463.1

Thollon (76., 287-8) compares the same spectrum with three different

spectra of carbon compounds, viz : A, electric arc, Jamin'slamp measure-

ments made by M. Bigourdan ; B, cyanogen, coil and condenser, Salet ;

C, blue flame of illuminating gas, Lecoq de Boisbaudran.

Harmonic.
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227. Identity of Spectral Lines in Different Elements.

Young {Am:- Jour. Sci., xx, 355) and Liveing and Dewar {Proc. Roy.

Soc, a:rxH, 2J5-31) have shown that manj' of the lines in different element-

ary spectra, which have been supposed to be identical, really differ slight-

ly in refrangibility and can be separated by a sufGcient increase of dis-

persive power in the trains of prisms. The number of separations which

has already been effected makes it very doubtful whether any case of ab-

solute coincidence can be found, where two elements are present in the

spectral incandescence. This has been thought, by some, fatal to Lock-

yer's and Thalen's hypothesis that all the lines are modifications of a few

basic lines. That such a generalization is too hasty, may be shown by

the following considerations : 1. Atoms are continually subject to in-

commensurable, as well as to commensurable tendencies. 2. There are

often various harmonic tendencies, which are simultaneously operative, the

final harmonic adjustment being determined by the relative magnitude

of the individual tendencies. 3. The well-known experiment of oscillat-

ing balls, suspended from a horizontal cord, shows that the cyclical vibra-

tions are modified by each member of a harmonic group. 4. The slight

fluctuations in the lines of the solar spectrum make it probable that there

are similar fluctuations in chemical and cometary spectra. 5. This proba-

bility is increased by the differences of measurement which are made by

different observers at different times. 6. Propositions 2 and 5 are both

illustrated by th.e two harmonies which represent Tacchini's and ThoUon's

measurements (Note 226).

228. Lithium Harmonies.

Liveing and Dewar (Proc. Roy. Soc., xxx, 93-9) have observed three

lines in the spectrum of lithium (3913, 3984 and 4273), besides Boisbau-

dran's line, 4131.7. The harmonies are shown below.

Itaimonic Uivisors. Hai-tnonic Quotients. Observed.

1 4273.02 4273

1 + 7 ff 4132.78 4131.7

1 -f 15 a 3983.37 3984

1 + 19 « 3912.65 3913

The coefficient of the first addition to the harmonic divisor is the sams

as the perissad divisor and as Prout's coefficient of Li. The second and

third additions are respectively the artiad divisor and ^ the artiad divisor.

The harmony is nearly as satisfactory, if we combine these lines with those

which are given by Huggins {see Proc. Am,. Ph. Soc, xvii, £97).

Harmonic Divisoi-s. Harmonic Quotients. Observed.

1 6107.37 6107.3

l-f40a 4796.64 4794.8

1 -f 48 a 4599.23 4599.3

1 -f 63 a 4269.74 4273.

1 -f 70 a 4131.49 4131.7

1 + 78 a 3984.31 3984.

1 + 82//. ,...-,..,. 391 4.,50 - miK-
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The coefficients of a are, 5 X 8, 6 x 8, 9 X 7. 10 X 7, 10 X " + 8, 10 X
7 + f of 8, being made up of multiples or sums of the phyllotactic num-

bers, 2, 3, 5 and 8, and the secondary phyllotactic number, 7.

229. Relations of Central Force to Thermal Constants.

I have shown (Proc. A. P. S., odv, 651) that the ratio of heat under con-

stant volume to heat under constant pressure, as deduced from purely

theoretical considerations, is tt'^ -f- 4 : 27^^ or 1 : 1.4232. The elements for

computing this ratio are : 1, the synchronism of oscillations, under the

action of central forces, in all orbits which have the same major axis ; 2, the

kinetic theory of gases, which supposes that all the paths ofclashing particles

are rectilinear, and therefore in orbits of unitary eccentricity, one extremity

of each path corresponding with the centre of a synchronous circle ; 3,

the consequent ratio of mean rectilinear vis viva, or mean vis viva of con-

stant gaseous pressure, to synchronous mean circular vis viva, or mean

vis viva of constant volume ; 4, the thermodynamic doctrine that equal

quantities of heat correspond to equal increments of vis viva and to equal

increments of temperature ; 5, the proportionality of mean vis viva to

mean distance of projection against uniform resistance ; 6, the determina-

tion of the radial locus at which the mean velocitj^ of linear oscillation,

or of mean gaseous pressure, would be acquired both in centrifugal and in

centripetal motion. This theoretical determination of the ratio of specific

heats proceeds on the hypothesis of Boscovich, that central forces continue

to act, at all distances from the centre, with accelerations which vary in-

versely as the square of the distance. There are many reasons for be-

lieving that this law does not hold, even in the gethereal condition, within

the radius of inertial aggregation, and it seems likely that careful experi-

ments may bring to light many kinds of deviation from the theoretical

value, the study of which will greatly extend our knowledge of atomic

and molecular structure. The most accurate experimental determinations

of the ratio that have been published hithei'to seem to range between

1 : 1.4053 and 1 : 1.421. These values indicate an orbital eccentricity of

from .9874 to .9985.

230. Tests of Thermal Relations by Solar Mass and Distance.

The estimates which I have hitherto made of the central energies of the

solar system, from measurable tendencies to equilibrium between gravi-

tating and explosive or centripetal and centrifugal energies {Proc.A. P. 8.,

xii, 393-4, xix, 354, et al.), have been based upon the supposition that all

the calorimetric measurements were made under constant pressure. C. v.

Than (Abstr. in Jour. Chem. Soc, MarcJi, 18S2, p. 265.) gives five estimates

for the heat of combustion of HjO, from which estimates of solar mass and

distance mav be deduced bv the method of Note 10.
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Observers. dp 'W'

At constant |- Andrews, 33,880 92,760,000 331,500

volume \ V. Than, 33,822 92,839,400 332,350

J. Thomsen, 34,218 93,071,400 334,850

FavreanrtSilbermann, 34,426 92,789.800 331,820

Scliuller and Wartha, 34,471 92,729,200 331,170

The observations were made respectively in 1848, 1881, 1873, 1852 and

1877. The corresponding molecular heats, as given hy Naumann (see

Note 16) for three of the above observers, differ slightly from 2 x the

above values of 0, the greatest difference being ^ of one per cent. The

mean values, if we allow equal weight to the present note and to Note 16,

after making the proper correction in the observations at constant volume,

are/) = 92,739,500; ra = 331,280. This value of ^ differs by less than

^J J of one per cent, from the mean of the combined results in Note 15

(92,737,100).

231. Molecular Volume of Solids.

E. Wilson {Proc. Roy. Soc, xxxii, 457-91) discusses the relations, of

molecular volume to chemical constitution, furnishing new evidence of

harmonic oscillation. He states the three following propositions, and

thinks that his tables lend comparatively greater support to the third,

while the first and second must, for the present, be considered more

hypothetical

:

(i.l When any number of .similar Moms, combine, the volume of the

resulting molecule is equal to that of the uncombined atom.

(ii.) When dissimilar atoms combine, the volume assignable to each

atom is some simple submultiple or aliquot part of its atomic volume, and

the resultant molecular volume is the sum of those volumes.

(iii.) Every element in its various compounds is capable of assuming

different volumes bearing a simple proportion to one another, such as

1 : 2, 1 : 3, 2 : 3, &c.

He also adduces evidence in support of Kopp's conjecture that elements

may undergo different degrees of condensation in different radicles of the

same compound, and he shows the agreement of his results with those

which were obtained by Loschmidt from gaseous interdilTusion.

232. Variability of Crystalline Angles.

Y. Pfaff (Jour. Chem. Soc, June, 18S1, Abstr. p. 256) has made a series

of measurements, from which he concludes that the limits of admissible

correction of measured angles bj"- calculation from rational axial sections

must be carried further than has hitherto been the case. W. H. Perkin

{lb. Aug., 1S81, 409-452), in discussing the isomeric acids obtained from

coumarin and the ethers of hydride of salicyl, gives seven sets of crystal-

line measurements, with forty-ninecomparisonsof calculated and observed

angles. Taking the range between the limits of observation, which are

given in twenty-six of the comparisons, or the deviations of the observed
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from the calculated values, in the other twenty-three comparisons, the

variability is more than one per cent, in one-third of the whole number of

measurements, viz : .155, .121, .067, .056, .055, .054, .046, .044, .021, .019,

.018, .016, .016, .015, .012. .011. The mean variability of the forty-nine

measurements is .017. These facts may have an important bearing upon
many questions of radiodynamic probability, especially in regard to the

adjustment of commensurable and incommensurable tendencies.

233. Pr'essure.

The experiments of Tresca and Spring, together with those of Crookes,

Pictet and Cailletet, show that it is impossible to fix any boundaries be-

tween any two of the adjacent states of matter, sethereal, gaseous, liquid,

solid, crystalline. J. and P. Curie (Comptes rendus, Ixxxxi, Ixxxxii) con-

firm Faraday's hypothesis that magnetized and dielectric bodies should

tend to contract in the direction of the lines of force and to dilate at right

angles to those lines, a tendency which, as I have shown,* is propagated

with the velocity of light. They suppose that between the opposed faces

of two contiguous layers of molecules there is a constant difference of ten-

sion, involving a condensation of electricity which depends on the dis-

tance between the two layers. By experiments with tourmaline and
hemihedral crystals with inclined faces they are led to attach primary im-

portance to the form of the molecules, the extremity which correspcmds

with the most acute solid angles being always negative on dilatation and
positive on contraction. They deduce the following laws :

1. The two extremities of a tourmaline crystal develop quantities of

electricity under pressure which are equal, but of opposite kind.

2. The quantity developed by a given increase of pressure is equal to

that which is developed by an equal diminution of pressure, but of oppo-

site kind.

3. This quantity is proportional to the variation of pressure, is inde-

pendent of the length of the crystal, and for the same variation of pressure

per unit of surface is proportional to the surface.

All of these results have an important bearing upon the old maxim that

"nothing can act except where it is," and on Newton's consequent belief

that the phenomena of gravitation can be more satisfactorily explained by
fEthereal pressure than by attracting pulls. They may also help to ex-

plain the formation and sublimation of heavy metallic elements, by the

immense pressures to which the interior of condensing nebulae are sub-

jected. Many of the aggregating and dissociative tendencies of "sub-
sidence," of which my planetary harmonies have given abundant evi-

dence, may be exemplified chemically as well as cosmically.

234. Test of Harmonic Probability.

I have endeavored, in my various physical papers, to collect facts,

through the guidance of well-known laws, and to account for them by a

*See citations in Note 200.
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reference to those laws, without introducing any new hypotheses. I liave

already compared various phyllotactic harmonies with other chemical

hypotheses, and Note 232 furnishes data for extending the tests of mathe-

matical probahility. In my first paper on the harmonic interferences in.

the spectra of chemical elements {Proc. A. P. 8., xtii, 297-301) I examined

the measured wave-lengths of 128 lines, in twenty-one different spectra.

The greatest mean deviation of the measured lines in either spectrum from

lines which are rigidly harmonic, is less than ^ of one per cent., the mean

deviation in the whole number of lines being less than Jj of one per cent.

The mean deviations in the several spectra are as follows : ^V- ii' h ?V'

0, t\. tV t^. iV. tV. ri-. h h tI^t. tV. i tV. ^V- yV- V^. tV of one per

cent. The greatest deviation in any single line is one per cent., and there

is only one line which has a deviation of more than ^ of one per cent.,

which is only jV ^^ great as the greatest deviation in Perkin's set of crys-

talline measurements, or less than ^ as great as his mean variability.

Later comparisons, of which Notes 226 and 228 may be taken as examples,

show approximations which are still closer. The greatest deviation in

Tacchini's cometary measurements is^jVof-Ol, and the mean deviation

•s^j-
of .01 ; the greatest deviation in Thollon's measurements is j-g^^^, and

the mean deviation ^^^^ ; the greatest deviation in the first lithium spec-

trum of Note 228 is ^j^^, and the mean deviation j-g\j ; the greatest de-

viation in the second spectrum of the same note is xttt)> ^^d the mean

deviation :j]5'jtj.

235. Spectrum of the Great Nebula in Orion.

On the Tth of :March, 1882, Huggins {Am. Jour. Sci., [3] xxiii, 335)

obtained a photograph of the spectrum of the nebula in Orion, with an

exposure of 45 minutes. His former researches showed that the visible

spectrum of gaseous nebulte contains four bright lines, 5005, 4957, and

two of the hydrogen lines, ^9 and y. The photograph has also a strong

line in the ultra-violet, at the position of A 3730, or nearly so. Some of

the harmonic relations of the lines are given in the following table :

Harmonic. Observed.

525405 H- 105 = 5003.86 5005

525405 ^ 106 = 4956.65 4957

525405 -^ 108 = 4864.86 4861

525405 -^ 121 = 4342.19 4340

525405 -- 141 = 3726.28 3730

The greatest deviation is ^V of one per cent., and the mean deviation

-}^ of one per cent. ,

236. Magnetic Estimate of jEtliereal Density.

Newton's ajthereal hypothesis, Faraday's electric hypothesis and my
own numerical relations (See Note 200) are exemplified in the following

combined harmonies : Let t^ represent Earth's mean orbital velocity
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which is due to Sun's attraction ; v^, corresponding magnetic component

of circular orbital velocity which Earth would communicate to an sjethereal

particle ; Oo> specific heat of water ; O3, specific heat of typical gas ; d^,

density of Sun ; d^, density of Earth ; 3^. mean density of aether in Earth's

orbit under influence of Sun's attraction ; (J3, density of Earth's atmos-

phere at mean locus of magnetization. Then

% -.v.-.iOz-.do (1)

ds : d„ : : 3s : do (2)

The given values are, v„ == 18.476 m. ; ^3 = .23773 do', ^0 = -25491 dj.

The required values are ^3, 3^ and 3o- From (1) we find

^3 = .23773 X 18.476 = 4.3924m.

At Earth's equatorial surface, Vgr = 4.9073 ^= 1.1172 i), ; the magnetic

component of this velocity in Earth's orbital plane is v^^ = cos. 23° 28'

X 4.9073 = 4.501 = 1.0248 v^ ; the mean locus of magnetization is there-

fore, 1.0248'^ X 20,923,654 ft. from Earth's centre = .05028 x 20,923,654

=- 1,051,985 ft. from Earth's surface. According to Babinet's formula

(Smiths'n Tables, D, p. 68) the normal density of the air diminishes ^ at

the altitude

.^= 52494 ft. X !?-74? = 1"498 ft. = 1,051,985 ~ 60.12
oO -(- lo

The atmospheric density at the locus of magnetization is, therefore 3s =
1 -=- 2«»-i'^ = 1 -- 1,252,920,900,000,000,000; the sethereal density, 3^ =
3-i X .25491 = 1 -- 4,915,148,000,000,000,000. The density of hydrogen

is .0692, or, according to this estimate, 340,128,200,000,000,000 J„. This is

2.07 per cent, greater than the estimate which was based on the ratio of

projectile gaseous energy to aethereal energy (Note 35). The significance

of proportion (1) is increased by the cosmical relations of Joule's equiva-

lent (Proe. A. P. S., xix, 20). The agreement would be exact if we take

p.^ = 92,809,500 miles.

237. "Subsidence" Estimate of Ethereal Density.

Subsidence towards the three chief centres of nebulosity, (Jupiter),

condensation, (Earth), and nucleation, (Sun), should be influenced by
sethereal harmonies. If we take the estimate of Sun's mass which satisfies

the requirements of subsidence and oscillation (331776 ; Notes 5, 23, 91)

and the British Nautical Almanac value for Earth's distance, measured in

Sun's semi- diameters (214.45), p^ = 92,785,700 miles ; the mean projectile

locus of the chief centre of gravity in the system (c. g. Sun and Jupiter

at mean perihelion) := 1.018 r„ ==f^ ; L^ (solar modulus of light ; Note

75) = 474657 r„ = 465896 r„; the mean locus of magnetization, ^3 = r^ x
^3 H- Lo == 199.1555 miles = 1,051,541 ft. = 60.09498 X 17498. This gives,

for the ratio of hydrogen density (J^) to ethereal density.



Chase.] 282 [April 'Jl,

5h = 334, 280, 400, 000, 000, 000 o\

which exceeds the estimate of Xote 35 by less than ^ of one per cent.

238. Rotation Estimate of JEthereal Density.

The hypothesis that hydrogen is the simplest known form of aethereal

condensation and that all other chemical elements are condensed hydrogen,

together with the theory that stellar rotation is due to aethereal harmonic

oscillations (Notes 17, 34, 198 et al.), requires that the linear oscillations of

the kinetic gaseous theory should be made circular, within the stellar

nucleus. Since gaseous density varies inversely as volume, the aether-

hydrogen hypothesis is satisfied by the proportion

rW I'o^ • dy, : S„

di, = 335, 961, 800. 000, 000, 000 d^

which is h of one per cent, greater than the estimate of the foregoing

note.
239. Ethereal Elasticity.

The velocity of light (« ), according to the subsidence estimate, is

92,785,700 ^ 497.827 = 186,381 miles. The velocity of sound in hydrogen,

according to Dulong, is 4163 ft. If we designate the ratio of elasticity to

density (e ^ d), for hydrogen and lether respectively, by £^ and £„, the

proportionality d ex y/s gives

eo : £h - (186381 X 5380)^ : 4163^ : : 55,880,460,000 : 1

for the relative elasticities under the same density. If we adopt the rota-

tion estimate of comparative density, we have

e„ le^ : :1 : 6,012,151

for the relative elasticities at normal density.

240. jEthereal Density at Mean Planetary Loci.

The aethereal density should be ^ as great as at Sun's surface at § L„ =
316,4.38 r„ = 1448.343* p^. At any other locus, p^, it should be (^)»,n being

equivalent to (^p -e- 1448.343 p^). This gives, for the relative rotation

estimate of aethereal density at Sun's surface and at the several planetary

mean distances :
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241. Validity of Estimates.

All estimates of this character are, of course, only provisional, and they

can claim no validitj', as I have heretofore shown, beyond the accuracy

with which they represent the data upon which they are based. That all

the a'thereal elements which I have considered are important, that they

are more far-reaching than those Avhich have been introduced into any

like discussion of which I have any knowledge, that their influence has

been rightly stated, and that they will contribute, by collation with Thom-
son's and other estimates, to a more satisfactory solution of many physical

problems than is yet attainable, I fully and unhesitatingly believe. Sun's

orbital motion, and questions connected with the retardations which change

revolution into simple rotation, are among the considerations which seem

likely to modify the values that are given in the five foregoing notes and

in Note 35.

Note on the Aurora of April 16-17, 1882. By H. Carvill Lewia.

(Bead before the American Philosopfiical Society, April 21, 1882.)

The aurora of Sunday evening, April 16-17, 1882, was probably one of

the most remarkable, both as to beauty and scientific interest, that has

been observed in this latitude. It is especially noteworthy on account of

the brilliant corona which continued well defined for several hours, and

whose apparent motion eastward, through space, could, therefore, be

determined. Several other unusual features, such as an auroral curtain,

and hyperbolic curves of light, were also displayed. The attendant solar

and magnetic phenomena have also been of great importance in determin-

ing a theory of the aurora.

The aurora was noticed as soon as twilight had ended as a faint glow

along the northern horizon. At 8.30 it was a low arch, probably not over

10 degrees high. It gradually rose higher, and left a dark segment below

it. At 10 P. M. the arch was some 20 degrees high, and was constantly

increasing in brilliancy. Bright short white acicular streamers now ap-

peared in the north, and sometimes rose as high as 40 degrees. These

oc'casionally assumed a reddish color, and were frequently wafted along

the arch towards the Avest. The aurora now fluctuated greatly in brilliancy,

sometimes nearly disappearing, and then flashing out brighter than ever.

At 11. lo the arch had become brighter and much longer, though still of

low altitude. Bright acicular streamers were crowded closely together at

the western end of the arch, while in the east a second arch was now
formed. The auroral arch now began to rise rapidly. At 11.20 the upper

arch was 40 degrees high. Long narrow streamers were rapidly forming

over the whole northern sky, and were traversed from base to apex with

PROC. AMEIl. PHILOS. SOC. XX. 111. 2,T. PRINTED JUNE 6, 1882.
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swift, tremulous waves of light. At the same time a mass of fine red

color appeared in the north-west, and flashed alternately bright and dark,

as though a red cloud illuminated by heat lightning. This mass of red

color moved rapidly westward and was preceded by remarkable flashes of

red. At 11.25 the aurora had risen nearly to the zenith, and was of great

brilliancy. Numerous narrow streamers, covering the entire northern

half of the sky, Avere flashing bright and dark with great rapidity, while

tine crimson patches appeared independently in several portions of the sky.

At 11.30, or a few minutes later, the whole aurora from all sides moved
with a bound toward the zenith. Streamers shot up from north, east and

west with rapid, tremulous motions, reaching higher and higher with each

pulsation, until, after apparently several ineflectual attempts, they all con-

verged at a point nearly on the meridian nineteen degrees south of the

zenith to form a corona of great beauty. This corona, which at first was
unsteady and continually broken into detached segments, had become, at

11.40 P. M., a constant feature. Streamers now radiated from it in every

direction, south as well as north. The whole sky seemed in motion ex-

cept this one point. Rapid waves traveled along the narrow streamers from

the horizon nearly up to the corona, while great nebulous masses and broad

bands of crimson light flashed out in difterent portions of the sky. These

masses of red light, particularly noticeable in the north-west, had no defi-

nite form, and showed no undulating pulsations like those of the thread-

like streamers, but either hung steadily in the sky for some minutes, or

else were illuminated with flashes like lightning. The impression was
given that these red portions of the aurora were distinct phenomena, dis-

connected from the greenish-white streamers, and, perhaps, at a greater

distance from the earth.

The centre of the corona appeared to be some 13 degrees east of Arc-

turus. At 11.50, the centre of the corona was estimated to have the posi-

tion R. A. 204O Dec. 21= 30'.

At midnight the corona, a perfect star of light, had become wonderfully

beautiful. Tlie brilliancy of the whole aurora was concentrated at this

point, the horizon being comparatively dark. Remarkable coruscations

of light surrounded the corona, and tliese were often curved so as to ap-

proach in form a hyperbola of large eccentricitj^ whose transverse axis

passed through the centre of the corona. The streamers between the

corona and the northern horizon now united into remarkable concentric

hyperbolic curves of great brilliancy, whose vertices were stationary near

the corona, and whose tremulous arms, made up of many streamers,

reached to the nortliern horizon. This form recalled the drawings made
of the coma of certain comets, and suggests interesting analogies.

Still more closely did these curves of light resemble those assumed by
iron filings in the vicinity of a magnet, and it is probable that they were

identical.

The centre of the corona was now- at R. A. 207°, Dec. 21° 30'.
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At 12.10 A. M., and during the half-hour following, occurred the most
magnificent sight of the evening, to which no description can do justice.

The streamers, whose mass was now coiacentrated in the corona, had de-

tached themselves from the northern horizon to form an auroral curtain of

great beauty. The curtain hung some twenty degrees above the horizon,

and was continually changing in form and color. The streamers, whose
lower ends formed its fringe, were united above in bright hyperbolic

or magnetic curves, w^hich approacked the corona within ten degrees, and
which remained constant while the lower part of the curtain waved to

and fro in waves of light.

The following very rough diagram may serve to illustrate the general

positions of the corona and curtain :

w —

E

Fig. 1. Aurora at 12.10 a. m.

A line passing through the centre of the corona and Polaris was the

transverse axis of the hyperbolic curves, of which a mere suggestion is

made in the diagram.
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The corona itself was a somewhat elliptical crown of radiating streamers,

within which waS a permanent nebulous mass of light, having a curdled

appearance. This inner curdled mass was continually moving and heav-

ing like the sea, and was often traversed by dark rifts. It continuallj''

drifted eastward to vanish suddenly, and to be continually replaced by

other cloud-like forms at the centre. Meanw^hile the brilliant flashes ot

red light, disconnected, apparently, with the other phenomena, appeared

N

w

Fig. 2. Auroba at 12.25 a. m.

in many portions of the sky, and often continued to form a back-ground

for the quivering white streamers.

The streamers south of the corona presented quite a different appearance

from those to the north. They were quite short, and were often broken

into two or more segments, which fluctuated to and fro, but did not extend
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lower than some thirty degrees above the southern horizon. At 12.20

Arcturus occupied almost the precise centre of the corona.

At 12.25 the remarkable sight was presented of two hyperbolic curves of

light, the larger one lying in the north, the smaller to the south of the co-

rona, and each pointing in an opposite direction to the other. The smaller

hyperbola was bounded by an inverted arch of light in the south, some 30

degrees above the horizon. Straight lines of light, like a conjugate axis,

passed east and west from the central point between the hyperbolas. The
definite boundary of the southern auroral curtain may furnish data for a

determination height of the aurora above the earth's surface. The appear-

ance of the sky at this time is rudely represented in Fig 2.

It is evident that the phenomena now seen was no mere effect of per-

spective. The auroral streamers had become curved in obedience probably

to the laws of magnetic force around a pole.

At 12.35 the corona was near R. A. 215° Dec. 20° 30', and at 12.45 near

R. A. 216°, Dec. 20^ 30'. At times the corona was a perfect star-like

crown, with a small white cloud of light in the centre. Sometimes, how-
ever, it would vanish completely for a few moments, to reappear with

greater brilliancy. The curdled cloudy matter within it occasionally took

fantastic curved forms, and at the same time the surrounding streamers

would form curves at their extremities close to the corona. Once the

streamers above and below the corona moved for a short space slowly

around it, in the direction of the hands of a clock.

At 1.05 A. M. the corona was estimated at R. A. 224^, Dec. 20°, and at

1.10 at R. A. 2260 Dec. 20°. By this time it had become fainter, and it

frequently disappeared for a period. The aurora in the north continued

until daylight. Special attention was directed to mapping at intervals

during the continuance of the corona, its exact position among the stars,

in order, if possible, to determine any proper motion of its own. The cen-

tral point could always be determined by projecting the paths of streamers

to their converging point.

The following map represents the approximate successive positions of

the centre of the corona, and the time of each observation. With the ex-

ception of the position given for 11.40 P. M., which was estimated from

memorj^ the positions here given are as plotted at the time upon the star-

map.

Upon examination of this map it is at once evident that during the two

hours in which it was observed, the corona had an eastward motion through

space, and that this motion was at the rate of 15 degrees an hour, or pre-

cisely the direction and amount of the earth's rotation upon its axis. It

was as if the corona had been fixed permanently to the earth, and the ob-

servation is a strong confirmation of the theory that the aurora is a truly

terrestrial appendage.*

* The writer lias previously (v. Proc. A. A. A. S., Boston, 1880, vol. xxix., p. 245),
. described a plienomenon noticed iu the aurora of May 2, 1877, which, though less
conclusively, leads to the same deduction. In that case an auroral comet-like
streamer remained in a constant position, with regard to certain trees, for the
space of nearly an hour, being apparently fixed to the earth like a great pointer,
while tlie stars and the zodiacal light revolved past it.
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The arc described by the corona was not perfectly coincident with a

parallel of declination, but, if the observations are correct, had an inclina-

tion of somewhat over 2 degrees. The pole of this arc would be consider-

ably west of the true north. Moreover the corona was always about 3

degrees east of the meridian, a fact also indicating that the radiant point

of the streamers was west of north. The corona was constantly 18 to 20

degrees south of the zenith.

It is of interest to note in this connection that each of tliese facts has a

direct relation to the position of the magnetic needle at Philadelphia. The
magnetic pole is about 5 degrees west of the true pole, and the magnetic

zenith is about 18j degrees south of the true zenith. The corona was,

therefore, within one degree of the magnetic zenith. Parallax may, per-

FlG, Map of Positions of Corona.

haps, account for the deviation, it any such exists. The position of tlie

auroral streamers and of the corona is seen, therefore, closely to conform

to the lines of magnetic force, and the connection between the two phe-

nomena is evident.

The electrical eflFects of the aurora were very marked, confinning the

belief that the aurora is an electrical or magnetic discharge through re-

mote portions of our atmosphere. The telegraph wires over a large por-

tion of the country were strongly affected by electrical currents. The
wires leading from Chicago to New York, to "Washington, to Milwaukee,

and to Omaha, are stated to have been worked without batteries, and,

after grounding the wires, messages to have been sent on the strength of

the "auroral current" alone. The Atlantic cable suffered similar electri-

cal disturbances.
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The influence of an aurora upon the telegraph wires is very dififerent

from the local and transitory effects of a thunderstorm, and can always be

recognized. The electrical disturbances at Philadelphia continued from

midnight until eleven o'clock on Monday morning. At the office of the

Western Union Telegraph Company in New i'ork it is reported that the

wires began to be affected soon after ten o'clock and that before eleven

the wires in every direction were frequently interrupted. It is said that

whenever an auroral current of like polarity with the battery reached the

wires it neutralized the current completely and broke the circuit. In like

manner auroral currents of opposite polarity, which were both powerful

and frequent, would intensify the current to such a degree as to make it

unsafe to use the wires. At such times brilliant sparks appeared at the

ends of the keys and repeaters, which would soon burn the instruments if

not disconnected. The change of polarity in the auroral current was very

intermittent. Sometimes it occurred very rapidly, and at other times ten

or fifteen minutes would intervene without change of current. Similar

electrical phenomena are reported from manj^ parts of the country, indi-

cating an electrical storm of great extent.

There was no wind at Philadelphia during the aurora, and the mild

spring-like weather before and during the few days since has undergone

no change of consequence. Observations of this nature upon a number
of auroras have led the writer to think that the popular idea that the

aurora is either the cause or the result of change of weather is a fallacy.

Local thunderstorms and several severe tornadoes have however occurred

since the aurora in several parts of the country.

On the night of April 19-20 a second aurora appeared. There had been

a severe thunderstorm early in the evening—the occasion of loss of life

and property in different portions of the State—and some time after the

sky had cleared, at about 1.30 A. M., there appeared a fine aurora, with

high and bright streamers. As before, the telegraph wires were affected,

the disturbance at Philadelphia continuing from 1 A. M. to 11.30 A. M.*

The occurrence of remarkable auroral displays at this time is a striking

confirmation of the periodicity of those phenomena. It is just ten years

since the last auroras of importance occurred, and the period of 10 to 12

years between maximum auroral displays may be regarded as firmly es-

tablished. The coincidence of this period with that of most numerous

sunspots shows a direct connection between the electrical condition of the

earth and the sun. At the present time the sun is exhibiting remarkable

disturbances. Upon the sun's disc are numerous and large spots which

are continually changing in shape, and are traversed by solar cyclones of

unusual energy. Large groups of sunspots are now visible to the naked

* The writer is indebted to the officers of the Western Union Telegraph Com-
pany for information. He also takes pleasure in acknowledging the kindness
of Mr. T. F. Townsend, Signal Service Officer at Philadelphia, who has contrib-

uted his personal observations upon the aurora tor use in the present paper.
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eye, and one of .the spots is said to be the largest wliich has appeared for

ten years.

The theory is not improbable that sunspots are the result of solar elec-

trical or maiinctic storms, and that auroras are the result of a disturbed

electrical condition of the earth, caused by induction from the sun. The

common cause for both phenomena is probably cosmical.

Poslsci-ipt.—Since this paper was presented, reports ot an unusual auroral dis-

play have come from all sections of the country. The aurora was visible acro.ss

the continent from the Atlantic to the Pacific coast. At San Francisco it is re-

ported as the most brilliant seen for many years. A bright crimson light

appeared at 8.30 P. M., and the aurora showed various colors. At Omaha a crim-

.son sheet across the sky is described as its most remarkable feature. At Kansas

City it was said to be the finest aurora since 1872, and at 12.30 the whole northern

sky was lit up by streamers and red flames. At Warrenton, iMo., where it is

described as the most remarkable ever seen, the light was so brilliant that signs

150 feet distant could be real. A white arch of light, extending from east to

west, advanced southward at midnight to wjthin :i') degrees of the southern

horizon, and the corona was visible. At St. Louis it was seen early in the even-

ing, and it is stated that at 11 P. M. there was no electrical disturbance in the

telegraph wires. At Baltimore and Washington it was described as unusually

fine, and consisting, first of a band of white light, later of shafts ot colored light

shooting through it, and afterwards of tremulous streamers moving with light-

ning rapiditj-, from north to south, while clouds of red fire hung in the north-

west. At Richmond, Va., it was seen distinctly at 3 A. M., and is reported as

the finest ever seen. At Boston, electrical disturbances were noticed shortly

after the appearance of the aurora, and continued till late in the afternoon ot

the 17th. The wires from Boston to Albany and from Boston to Xew York were

worked without the battery, that to Xew York having been worked by the au-

roral current alone for three hours consecutively.

In England, France, Belgium, Germany and Italy similar electrical perturba-

tions were observed. Upon the French telegraphic lines the perturbations were

so frequent from April 16th to April 20th that special measures were taken by

the authorities to meet the contingency. Electrical equilibrium was restored

on the 2lst.

It is also of the gieatest interest to learn that in England, where, so far as

known, no aurora was seen, there occurred a great magnetic storm at the precise

time that the aurora appeared in America. Mr. G. M. Whipple, ot the Kew Ob-

servatory, in a communication to Nature of April 20. says "a magnetic storm ot

unusual intensity raged from about midnight ot the 16th to midnight of the

17th," and that "a tremendous spot which appeared on the sun's disk on the

13th, is now rapidly approaching the central meridian, and a group observed on
Saturday in advance of it, has undergone considerable change in the interval."

In Nature ot April 27th, he further reports that "the magnetic disturbance

began at 11.45 P. M. (6.45 P. M. Philadelphia time), April 16th, by an increase of

the declination, an augmentation ot the horizontal force and a diminution ot

the vertical force. The movements of the declinometer became gradually more
rapid after 2 A. M. on the 17th (9 P. M. Philadelphia time), whilst its oscillations

extended farther and farther from its normal position, principally in the direc-

tion of increased westerly declination. From 4.30 to 9 A. M. (11.30 P. M. to 4 A. M.
Philadelphia time) the horizontal force had diminished so much that the trace

frequently passed off the paper, and the register was lost for a while. The min'-

mum of vertical force occurred at 5.55 A. M." (12.55 A. M. Philadelphia time). He
states that the disturbance did not die out till about 8 P. M. on the 17th.

" During the 18th atid 10th the magnets weic unalFected, but at 3.45 A. M. of the



20th (10.45 P. M., April lOtli, Philadelphia time), a second disturbance set in,

commencing with a rapid increase of declination, the first swing of tlie magnet
carrj'ing it nearly a degree to the westward, whence it returned at 4.30 A. M.
Its mean position was reached at 6 A. M. (1 A. M. Philadelphia time) and then

its oscillations became very vapid, and continued so until 2 P. M., after which
hour they became less. Both forces were also simultaneously disturbed, but
their movements Avere much more limited than on JMontlay."

It is at once seen thatthei'e is a most remarkable coincidence in time between
the magnetic storm in England and the aiirora as seen here. The second mag-
netic storm also occiirs simultaneously with the second aurora, and an absolute

proof of the direct connection between the two phenomena is hereby estab-

lished. It is interesting, also, to note that the magnetic disturbances for the

most part slightly preceded the aurora, while on the other hand the electrical

etfects upon the telegraph wires were subsequent. This fact suggests magnet-
ism as the primary cause of the aurora. The magnetic curves assumed by the

streamers also favor this theory. The red flashes in the sky were probably ac-

companying electrical discharges, and many auroral ettects may be due to the

continual transmutation of the two forces.

Stated Meetinrj, May 5, 1882.

Present, 4 members.

Letters accepting membership were received from the Eev,

Dr. Robins, No. 1821 Delancey Place, Philadelphia, April 26;

from C. S. Sargent, dated Arnold Arboretum, Harvard Uni-

versity, Director's office, Brooldine, Mass., April 26 ; from S.

P. Sharpies, A. M., No. 114 State street, Boston, April 29
;

from Franklin B. Hough, Department of Agriculture, "Wash-

ington, D. C, May 2, and from George De B. Keim, No. 2009

Delancey Place, Philadelphia, April 25, 1882.

A photograph of M. Milne Edwards was received in a letter

dated Museum d'Histoire Natnrelle, Paris, April 7, with a re-

quest for Nos. 97, 102, 103 to complete a set of the Proceed-

ings.

Letters of acknowledgment were received from the New
Hampshire Historical Society (110); Museum of Comparative

Zoology (110) ; American Antiq. Society (110) ; Rhode Island

Historical Society (110) ; Connecticut Historical Society (110);

Astor Library (110); New Jersey Historical Society (110);

PROC. AMER. PHILOS. SOC. XX. Ill, 2k. PRINTED .TUNE G, 1882.
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C. L. Doolitt|e (110) ; Traill Green (110) ; T. C. Porter (110)

;

W. B. Taylor (110); J. H. C. Coffin (110); J. J. Stevenson

(110); Georgia Historical Societj^ (HO); H. Phillips, Jr.,

(110); Wyoming G. and Historical Society (HO); Numis-

matic and Antiquarian Society (HO) ; Buffalo S. N. S. (110)

;

J. M. Hart (110); Chicago Historical Society (HO), and the

Koyal Bavarian Academy (107, 108, Trans. XV, 2).

Letters of envoy were received from the Geological Survey

of India, Calcutta, Jan. 4; tlie Koyal Bavarian Academy, Feb.

18, and Mr. Wm. Blades, 23 Abchurch Lane, London, April

17, 1882.

Donations to the Library were reported from the Geological

Survey, India ; Academia dei Lincei ; S. C. Geog., Bordeaux

Royal Astronomical Society ;
London Nature ; Mr. W. Blades

Harvard University; Boston Society of Natural Histor}^

American Historical Society ; American Philological Society

Silliman's Journal ; Mrs. T. P. James ; American Chemical

Society ; American Society of Civil Engineers ; Franklin In-

stitute ;
Journal of Pharmacy ; Mr. H. Phillips, Jr. ; Ameri-

can Chemical Journal ; U. S. National Museum ; Com. Inter-

nal Revenue ;
Weather Signal Bureau ; Board of Health, New

Orleans, and Academy of Sciences, St. Louis.

The death of Ralph Waldo Emerson, at Concord, Mass.,

April 27, aged nearly 80, was announced. '

-

On motion of Mr. Phillips the President was requested to

consider various communications from Professors James Hall,

Geo. H. Cook, and J. P. Lesley, and to memorialize the Presi-

dent of the Senate of New York for the complete publication

of the Palaeontology of that State.

And the meeting was adjourned.
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Biographical Sketch of Thomas Potts James. By X T. Rothrock.

{Read before the American Philosophical Society, May 19, 1S82.)

In the line of botanists binding the present to that remote past, when
our flora "was as unknown accurately to Americans, as to the rest of the

world, but few svirvive. Darlington, Sullivant, Tori-ey, James, witliin

recent years have dropped out of the chain. The interest attaching to such

men is more than an ordinary one. They were the last generation to

which our botanical pioneers belonged, and they witnessed not only the

rise of a republic in politics, but the rise of a republic in science. They
could remember when in all this broad land there were not a score of bot-

anists ; when the science of plants and plant life held no recognized place

in the colleges of this country ; when the literature of our flora was almost

exclusively foreign ; when the commonest implements of exact research

came from over the ocean. With them nearly the whole scientific tradi-

tion of the countrj' disappeared. Later events find prompt and wide cir-

culation in our scientific periodicals, but much that would interest the

future is lost to the world when one of these honored witnesses leaves us
to join the host that went before.

Thomas Potts James, in memory of whom tliis brief sketch has been
prepared, is the latest whose loss we deplore.

Mr. James was born at Kadnor, in Pennsylvania, on September 1, 1808.

He died suddenly of paralysis at Cambridge, in Massachusetts, on Feb.

22, 1882. His ancestors were among the leaders of thought and action be-

fore and during the Revolution. They arrived in Pennsylvania earlier

than Penn. His grandfather, Thomas Potts, after raising a company and
being commissioned captain in 1776, raised a battalion and was made its

colonel. He was also a member of the convention which assembled in

Philadelphia on July 9, 1776, to form the new government. Washington
and his staflfwere frequent guests at his house, and in it many important
public letters were written. As the friend and intimate associate of
Franklin it is not strange that he was one of the original members of this

society.

He was also among the earliest to develop the iron interests of Penn-
sylvania. A great uncle of Mr. James, Dr. Jonathan Potts, was Deputy
Director-General of the Hospital in the Northern Department during the

Revolution, and was subsequently made Director-General of the Hospital

in the Middle Department when this State and New Jersey became the

seat of war.

Another great uncle, Samuel Potts, was a member of the convention
which framed the Constitution of Pennsylvania, and was also elected

Associate Judge. The name of the family is still perpetuated in Potts-

town.

Coming then from such a stock it is not strange that the subject of this

sketch developed marked intellectual traits. Indeed it would have been
stranger if he had not.
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^Ir. James' love of botany appears to have been an early one. As stated

in the Potts' nfemorial bj' the authoress, his wife and congenial life com-

panion,— " From his youth he devoted his leisure to the study of botany,

and. having acquired a knowledge of phaenogamous plants, he turned his

attention to the cryptogamia, making the musci a specialty." " He re-

ceived his early education in Trenton, N. J., intending to enter Princeton

College, but was prevented by circumstances," etc.

There are some men who acquire all the mental discipline that a college

course could confer without entering those halls of learning. Mr. James

was one of these. It may be doubted whether he would have earned any

more honored name, or placed tlie future bryologists of the land under

any greater obligations if he had taken an academic degree.

For almost forty years he was eni^aged in the drug business in this citj",

but never allowed the cares of trade to crowd science out of mind, and

though not at the time enabled to devote all, or even much of his atten-

tion to botany, yet the years were far from being unproductive in the

science to which he was so deeply attached. In 1853 the third edition of

(that work, which will always be a classic book of science) Darlington's

Flora Cestrica appeared. To this Mr. James contributed the portion de-

scribing the class of Anophytes, i.e.. Mosses and Liverworts. Though
hardly thirty pages long it represents an amount of labor which is now
past belief. It may in part be regarded as a pioneer work. To say noth-

ing of the labor involved in collecting the material for that short paper,

there were the critical determinations of the species and the alwaj'S per-

plexing questions of synonyms to settle. It is needless to say that these

duties were most conscientiously done, for ]\[r. James never worked in any

other manner. Every line which he ever wrote upon a scientific subject

was most carefully considered. In December, 1855, he published in the

Proceedings of the Philadelphia Academy of Natural Sciences, "An enu-

meration of Mosses detected in the Northern United States, which are not

comprised in the Manual of Asa Gray, M. D., some of which are new
species."

Mr. Lesquereux informs me also that about this time he wrote another

paper of similar character to the above but where, or what its exact title is

neither of us can say. In the Smithsonian Report for 1867 there appeared

in "A Sketch of the Flora of Alaska, " prepared by the present writer, a

list of the "Anophytes determined and compiled by Thomas P. James."

Extending over but two pages, that list still represents a conscientious

search through all the botanical literature of the region in order to bring

together in a single view its entire moss flora ; then, too, there are his

original determinations of the specimens coming from that region Avhich

were placed in his hands.

In 1871 he published another catalogue with important notes in the now
famous Volume V (of the Clarence King Surveys) which represents ^Nlr.

Watson's earliest labor in the science in which he has since become so dis-

tinguished.
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In 1878 another catalogue of "Western Mosses was published by Mr.

James in Volume VI of the Wheeler Survey. It contains short notes, and

descriptions of the less known species.

In the Proceedings of the American Academy of Arts and Sciences for

February, 1879, conjointly with Leo Lesquereux. he published "Descrip-

tion of some new Species of North American Mosses."

At the time of his death Mr. James was engaged with Mr. Lesquereux

in the preparation of "A Synopsis of North American Mosses," a work

which is of greater magnitude and importance than its modest title would

indicate. Together they had advanced to the Hypnacege, and of it Mr.

Lesquereux writes to me "If I have time to finish this work, it must be

published in both names."

I cannot forbear quoting what his distinguished colleague has written

of Mr. James in a private letter to me. It is of far greater worth than any

statement of mine can be :

"An excellent microscopist and delineator; an ardent collector of

Mosses, he constantly devoted himself to their study. I came to this

country in 1848, and it was only a little after my arrival here that he be-

gan sending me his mosses for determination. Our connection continued

until his death. I received a letter from him but a few days before this.

When I was obliged to abandon the use of the microscope he worked con-

stantly upon sketches of all the interesting or doubtful American species

and prepared for the descriptive part of which I took charge. He had,

moreover, to give much time to the examination of collections of mosses

sent for determination from various parts of the continent, those of E. Hall

from Oregon, Macoon in Canada, Wolff and others from Illinois, so that

his work and influence in the Bryology of North America have been very

great, though his publications are limited to a few catalogues or memoirs."

Then follows this touching tribute from his associate in what was to have

been the crowning task of his active life : "As a colleague, as a man of

truth, of honor, I regret him very much, but still more as an old friend.

We were about the same age and I expected he would survive me for a

long time." Surely such testimony from one who had constant relations

with Mr. James for more than thirty years, in the same line of work, is

praise indeed, and speaks volumes for the integrity and amiability of both.

In this connection I may add how cheerfully he always aided those who
appealed to him for assistance in naming what to them were doubtful and

difficult species. However badly prepared the specimens might have

been, however common, or however worthless the material was to him,

the same careful reply was always sent to the inquirer. These demands

upon his time were frequent and serious ; indeed we may fairly say that

during his earlier years they were detrimental to his business. But from

sympathy with, and desire to aid any fellow-student he tolerated these ap-

peals to the very last. It is almost a pity that time which had become so

valuable to science, during his later, most i^roductive years, was so freely

given away.
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Mr. James was as modest as he was painstaking and accomplished. It

Avas onl}^ after the repeated solicitations of his life-long friend, Prof. Gray,

that he undertook the preparation of the Synopsis of North American

Mosses in conjunction with Mr. Lesquereux. When, however, he con-

sented, he began the task with all the eager earnestness of youth. Two
years of constant work made it requisite that he should rest ; and with this

end in view he took a trip to Europe in 1878. But even there all the time

he could give was spent in association with Schimper of Strassburg, then

the head of European br^'-ology, in comparing our American species and

in settling synonyms. For a whole month Prof. Schimper gave his after-

noons to labor with Mr. James in this task. The result of that visit will

be apparent in placing our own moss flora in proper relation with that of

Europe. His industry and singleness of purpose at a time when most

men seek rest were wonderful. During the last two years of his life he

labored "from ten to twelve hours each daj'^ over the mosses ; often three

or four hours at a time without moving from his table." Only a few

weeks before his death when reminded b}^ Mrs. James that he had already

worked fourteen hours that day, and remonstrated with for writing by gas-

light, his repl}' Avas, "this Avork must be done and I ha\'e no time to rest."

The end came, and came suddenly, but he Avas not unprepared for it.

No one whose lite was as devout as his, and avIio lived Avith such entire

charity toward all men, could be unprepared.

February 22, 1882, Ash-Wednesday, Mr. James left his study and at-

tended to his religious duties in the Chapel of the Protestant Episcopal

Theological Seminary of Harvard University. It Avas to liim the very gate

to Heaven, though he little kncAv how soon he Avas to pass through and

into the eternal world. Services being over he returned to his work.

Leaving his study, he Avent into an adjoining room Avhere he Avas seized

by paralysis of the left side, and this was followed by loss of speech and

then coma, from which without awakening he passed calmly away.

AVe may well imagine how profound the grief over the loss of such a hus-

band and father Avould be. But it Avas hardh' less deep in the hearts of

his habitual associates. A letter received from Professor Gray, who stood

by as Mr. James departed, contains a passage too sacred even for a bio-

graphical sketch, but which indicates a suppressed anguish and a sense of

personal bereavement more clearly than any phrase set in intentional

mournful measure could do. In another place Professor Gray has given

his estimate of the man, and in a single sentence explained the cause of

his oAvn noble grief—because Mr. James "was admirable in all his rela-

tions."

Mr. James' active interest in botanical science, and the estimation in

which he was held by his colleagues, are clearly indicated by the associa-

tion he had in the learned societies of this land. He was

"Fellow of the American Academy of Arts and Sciences,

"Fellow of the American Association for the Advancement of Science,
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"Member and sometime Officer of the American Philosophical Society,

"Treasurer of the American Pomological Society for 27 years,

"Officer of the American Pharmaceutical Society, and also of the Phila-

delphia Drug Exchange,
" Professor of Botany to the Pennsylvania Horticultural Society,

"Member of the Boston Society of Natural History,
'

' Honorary Member of the Massachusetts Horticultural Society,

"And of other kindred Associations."

During one of the absences of an honored member of this Society in

Europe Mr. James was his substitute as librarian. There are those still

living who remember how very acceptable his services were in that ca-

pacity.

This would be a one-sided and very imperfect sketch of Mr. James if it

made no allusion to his public spirit as a citizen. Whatever was in the

interest of education or of philanthropy interested him. During the late

war he was thoroughly "Union" in his sympathies, and did duty with

the First Regiment of the National Guard. He was also a member of the

Union League, and an active associate of those who upheld the Govern-

ment under all circumstances. His loyaltj' nevered wavered.

In December 1851, he married Isabella Batchelder. This most fortunate

union was the result of an acquaintance which began but fifteen months

before, and which grew out of a correspondence between Dr. Darlington,

Miss Batchelder, Mr. James, and Dr. Gray, relative to the publication of

the letters of John Bartram. For more than thirty years Mr. James found

in his wife a sympathy in all his work, and a cultured mind capable of ap-

preciating and aiding in his own literary labor.

Such marriages are blessings to both the contracting parties. Mrs.

James and four children survive, and now reside in Cambridge, ]\Iassa-

chusetts, whither he removed from here in 1867.

We mourn over the loss of Mr. James not only because he was dear to

a large circle of friends, or because he was an active promoter of science,

but also because his death leaves his favorite study with but one prominent

representative in this land, a representative full of years and of honor.

But there is no younger botanist on whom the mantle has fallen ;
none

appear to take up the work as these veterans cease from their labors, and

in this event the world is made poorer from the loss of our former asso-

ciate.

Gentle, genial man, though we realize how serious a loss your depart-

ure has been to science here, we do not mourn for you as for those over

whom we have no hope ; neither may we question the wisdom of the de-

cree which opened your eyes to the full glory of the celestial splendor you

had so long, patiently, trustingly waited to see.
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' Stated Meeting, May 10, 188S.

Present, *J members.

President, Mr. Fraley, in tlie Chair.

A letter accepting membership was received from C. W.
King, dated Trinity College, Cambridge, England, May 5,

1882.

Letters of acknowledgment were received from Messrs.

Downes, Hilgard, Goodfellow, Schott (109) ; American Eth-

nological Society (109); U. S. Naval Observatory (109)

State Historical Society Wisconsin (110) ; Asaph Hall (110)

C. H. F. Peters (110) ; Kansas State Historical Society (110)

American Ethnologicol Society (110) ; Boston Pnblic Library

(110) ; Maryland Historical Society (HO), and Poughkeepsie

Society of Natural History (109, 110).

Donations for the Library were received from the Acade-

mia dei Lincei ; Societe Geographique, Paris ; S. C. Geog., Bor-

deaux; London Nature ; Academy, Brussels; Museum of Com-

parative Zoology ;
Cincinnati Observatory, and the Geological

Survey of Canada.

•Prof. Rothrock read, by appointment, an obituary notice of

Thomas P. James.

Mr. Lesle}" read, by appointment, an obituarj^ notice of Ed-

ward Desor.

The Rev. C. G. Ames was requested to prepare an obituary

notice of Ralph Waldo Emerson,

The death of Wm. S. Vaux, at Philadelphia, May 5, aged

60, was announced, and Mr. Law appointed to prepare an

obituary notice of the deceased.

The death of Chas. M. Wheatley, at Phoenixville, May 6,

aged 60, was announced.

The death of Dr. George Smith, at Media, Delaware County,

Marcli 10, 1882, aged 78, \Vas announced, and Dr. Brinton was

appointed to prepare an obituary notice of the deceased.

A " Contribution to a monograph of the North American
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Syrphidge, by Dr. S. "W. Williston," Avas presented throngli the

Secretary, with a letter from the author, dated New Haven,

Yale College Museunr, May 12, 1882.

" The Classification of the Ungulate Mammalia " was read by

Prof Cope.

New nominations, Nos. 959, 960, 961, were read.

The President reported that he had forwarded a memorial

to the President of the New York Senate, in favor of the com-

pletion of the Palceontology of New York.

Power was given to the Hall Committee to procure a copy

of the portrait of Dr. Geo. B. "Wood ; and the President was

empowered to fill the vacancy caused by the death of Sol. W.
Roberts, a member of that Committee.

Authority was given the Librarian to purchase Vols. I-XII

Transactions of the American Philological Association,

And the meeting was adjourned.

Contribution to a Monograjih of the North American Syrphidce. By Dr, S,

W. Williston.

{Read before the American Philosophical Society, May 19, ISS.?. )

The Syrpliidte form one of the most difficult families of Diptera to

classify. Although composed throughout the world of about one hundred

and forty described genera, they present no characters that will decisively

distinguish any considerable number. As a natural result, many genera

have been loosely formed and more loosely described, until the difficulty

in identifying species without the aid of numerous types has become ex-

tremely great. The present paper is the result of many hours tedious

labor in identifying a considerably large amount of material wholly with-

out the aid of types. Prepared two or thi'ee years ago it has been re-

wu'itten and changed many times ; that it is free from error yet I do not

presume to hope, but from my own experience in the difficulties that are

met with in working with the aid of books alone, I believe that it will

materially aid in the study of our species.

In Osten Sacken's catalogue of American Diptera—a work indispensable

to all entomologists—fifty-seven genera are recorded as having been cred-

itably recognized from North America. Toxomerus of Macquart I have

puoc. AMRR. pnri,os. soc. XX. 112. 3r,. trintrd attgust 3, 1882.
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resuscitated, and have also recognized an interesting new species of Seno-

gasler 3Iac., hitherto known only from South America. Since the publi-

cation of the catalogue four new genera have been described by M. Bigot

and the writer, making in all sixty-two genera now known from North

America. As regards the distribution of these genera twelve are pecu-

liar to our fauna, viz : Eupeodes, Copestylum, Uadromyia, Eugeiiiamyia,

Eurhinamallota, Teuchoenemis, Pterallastes, Polydonta, Crioprora, Somu-
la, Merapioidus, and Mixogaster. The first four of these, with Cata-

homba, have never yet been found in the Eastern States, while the fol-

lowing are not yet known west of the one hundredth meridian,

viz : Triglyphus, Pyrophcena, Doros, Ocyptamus, llhingia, Teuchoenemis,

Pterallastes, Senogaster, Somula, Temnostoma, and Milesia. Of these no

doubt the distribution will yet be found more extensive. Indeed the wide

distribution of species and genera of the family over our continent will

not readily be paralleled by any other family of insects.

In the present paper I have given a list of all the described species

known west of the one hundredth meridian. These with the species de-

scribed as new, reach yet but eighty-six ; of them fifty-four are known
only from the West, while thirty -two, or over one-third, are distributed

from the Atlantic to the Pacific regions.

Five genera, of one or two species eacli, namely : Triglyphus, Pyro-

phmna, Copestylum, Arctophila, and Pterallastes, are unknown to me

:

their systematic positions have in consequence been whollj^ drawn from de-

scriptions and figures. They, together with such species as are unknown
to me, are preceded by an asterisk. An exclamation point indicates that

the locality, or localities, preceding it are given from specimens that I

have examined. It has not been deemed necessary to repeat any of the

bibliographical references or synonomy that are given in Osten Sacken's

catalogue, except such as wuU facilitate the identification of species. The
specimens which I have examined in the preparation of this paper, from

Washington Territory, Oregon, and Kern County, California, were col-

lected by Mr. H. K. Morrison ; from Mendocino county, California, by
Mr. O. T. Baron, and trora Wj'oming, Colorado, and Kansas, by Mr. E.

W. Guild and myself. The species that I have identified, or described, or

that have been previously recorded from the West, are printed in small

capitals.

I desire to express my thanks to Mr. W. H. Patton and Drs. G. H. Horn
and H. A. Brous, for kind favors in the preparation of this paper. To
Baron C. R. von Osten Sacken, of Heidelberg, I am much indebted for

his kindly interest and advice.

The following table of generic groups is based essentially upon that of

Schiner's in his Austrian Diptera. It seems impossible to improve its

general features so far as our American genera are concerned.
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Table of groups of genera.

J,—Small cross-vein of the wing distinctly before the middle of the
discal cell, usually straight and rectangular. Hind femora usuallj'^

slender, not thickened ; the third longitudinal vein rarely much bent
into the first posterior vein, usually straight or very gently curved.

1—Antennne longer than the head I.

2—Antennaj as long or shorter than the head.
a—Marginal cell open, i. e., the second longitudinal vein terminates

in the border of the wing,
a—Face not tuberculate, nor distinctly carinate ; not excavated be-

low the antennai in profile ; hyperstoma not produced. (Small,
nearly bare species, with short oval abdomen) II.

aa—Face tuberculate, or hyperstoma produced.
*—Abdomen in outline, linear or oval, never narrowed toward

the base, or club-shaped. (Tegulne of usual size.)

f—Body uniform metallic green, or metallic green and black
;

abdomen oval or elongate, never slender ; femora not thick-

ened, nor fiicial tubercle dissimilar in male and female . III.

ft—Black with luteous, reddish or yellow, when uniformly
black the hind femora thickened IV.

fff^Black or greenish black, with yellow or yellowish stripes

or bands, or face more or less y«llow.
§—Face black, abdomen slender, with yellow or greenish

yellow interrupted cross-bands V.
§§—Face partly or wholly yellow, abdominal markings

yelloM'.
~—Dorsun^wof thorax with yellow lateral stripes VI.

77;r—Dorsum of thorax Avithout yellow lateral stripes. VII.
"**—Abdomen contracted toward the base, more or less club-shaped

VIII.
aa—Marginal cell closed and petiolate. IX.

J J—The small cross-vein at or beyond the middle of the discal cell,

i. e.. the discal section of the fourth longitudinal vein bej^ond the
small cross-vein, is but little longer or much shorter than the section
before it ; small cross-vein nearly always oblique, the posterior
femora frequently thickened.

a—Antennae with a distinctly dorsal bristle.

/5—Third longitudinal vein bent deeply into the first posterior cell

y—Marginal cell closed and petiolate X.
yy—Marginal cell open XI.

fifi—Third longitudinal vein gently curved.

d—Arista plumose.
E—Marginal cell closed IX.

es—Marginal cell open XII.
od—Arista bare or pubescent XIII.

aa—AntenuiB with a subterminal bristle or terminal style XIV.

J.—Small cross-vein before the middle of the discal cell.

1. Antennae longer than the head.

A.—SciTtellum flattened, with two obtuse points ; face evenly rounded,
pubescent, without tubercle ; eyes separated in both sexes, narrowly
in the male ; first posterior ceirwith a stump of a vein from the third

longitudinal ; dark or black species, unrelieved by light mark-
ings Microdon,
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]\IiCRODON sp. nov. ? Washington Territory, California !

This is the first time this genus has been recorded from the Pacific

coast ; eight or nine species ai*e known from the eastern part of the con-

tinent.

AA.—Scntellura without points ; third antennal joint elongate ; face pro-

duced downward, obtusely tuberculate, j^ellow with black median
stripe ; dorsum of thorax witli lateral, yellow, interrupted stripes ;

abdomen oval, arched, with yellow bands ; eyes pubescent,
ChrysotoxTim

.

This is one of those genera of Syrphidnc, whose species are liard to dis-

tinguish and require much material to satisfactorily studj'.

Chrysotoxum (?) DERIVATUM Walk., Washington Territory ; !Mt. Hood,

Oregon. Apparentlj- a common species. The femora are mostly black,

and the lateral margins of the abdomen yellow, otherwise it agrees with

C. laterale Lw., Cent, v, 43.

II.

J.—Small cross-vein before the middle of discal cell.

1.—Antennse as long oj; shorter than the head.

a-—Marginal cell open.
a.—Face without turbercle or hypferstoma not produced,

B.—Abdomen of only four apparent segments ; very small species

(2-5 mm.) black or greenish black, the ground color unrelieved by
lighter .^pots. stripes or bands -Triglyphus.

BB.—Abdomen of from five to seven segments ; third joint of antenna;
oblong.

C.—Face evenly rounded, not at all projecting in outline (hind femora
moderately swollen) ; face dark Avithout yellow Fipiza.

A single species of this genus is recorded bj^ Osten Sacken (West. Dipt. p.

322) from Sonoma Co., Cal. In Europe the species are very numerous.

CC.—Face slightly carinate below, partly or wholly yellow, eyes pilose,

in life usually with bright stripes (small, mostlj- finely punctula-te ;

abdomen oval, obtusely rounded behind, black or black and red, not
banded) Paragus.

The species of this genus like the preceding are very difficult to sat-

isfactorily distinguish. Three species are recorded from the Eastern

States and I have at least three more yet unnamed frcm the Pacific re-

gions.

Paragus dimidiatus Lw., Cent, iv, 63. Western Kansas, Colorado !

III.

A.—Small cross-vein before the middle of discal cell.

1.—Antenna? as long or shorter than the head.

a-—Marginal cell open,
aa.—Face tuberculate, or hyperstoma produced.

*.—Abdomen oval, never narrowed toward the base, or club-
shaped,

f.—Uniform metallic green, metallic green and black, or
black species ; hind femora never swollen.



1882.]
303 rwilliston.

D.—False vein of wing usnalljMndistinct or absent ; front in ?, or face

also (cJ* 9) with transverse wrinkles ; liind border of scutelluni sharp
;

small, oval, metallic, nearly bare species Chrysogaster.

a._Outer posterior angle of first posterior cell obtuse. Chrysngaster.

aa.—Outer posterior angle of tirst posterior cell rectangular or

acute Orthoneura.

The character given is that usually taken as the distinction between the

two genera, but is very unreliable and misleading, and, moreover, sepa-

rates closely related species ; the length of the anteunaj is equally unre-

liable ; I place all the species in Meigen's genus. There are sufficient

plastic characters to render the tabulation and identification of our species

a comparatively easy matter.. At all events, it is evident that Orthoneura

cannot be used in Loew's or Schiner's sense even as a sub-genus for the

North American species.

Our species may be tabulated as follows :

a.—Third joint of antennaa ovate or orbicular h,

—Third j oint of autennce elongate e.

h.—Third joint of antenna; ovate c-

—Third joint of autennre orbicular d.

c.—Dorsum of thorax opaque black (
J^) *nigripes.

—Dorsum of thorax not black opaque, with dark stripes ; finely punc-

tulate ; tip of fourth vein bent inwards nigrovittatiis.

d.—Outer posterior angle of first posterior cell not obtuse latus.

—Outer posterior angle of first posterior cell obtuse iistulatus,

e. —The ultimate section of fourth longitudinal vein joins the third be-

yond the lip of second vein, the dark clouds not continuous nor in

the same line ; second joint of antenna? nearly as long as third ; eyes

with distinct linear markings
;
posterior borders of second and third

abdominal segments brown " itidvs.

—Ultimate segment of fourth vein joins the third opposite or before

tip of second, abdomen not fasciate •/.

/.—Cloud from tip of second vein continuous or in same line with ulti-

mate section of fourth vein ; eyes with markings ; second joint of

antennte nearlj^ as long as third hellulus, sp. nov.

—Second joint of antenna; considerably shorter than third, abdomen

shining brass}^ oh the sides, the disc more or less opaque ; eyes

nearly unicolorous ; stigma brown g.

g.—Second joint of antenna; half as long as third ; the third joint some-

what narrowed beyond the middle pktipennis.

—Antenna; not longer than the face, second joint short stigmntus,

sp. nov.

Chrysogaster stigmatus, sp. nov.

(^ 9 • Antenna? black, not longer than the face, first joint short, second

joint twice as long, about one-fourth as long as third. Face deep green,

shining, nearly smooth, with sparse pile, and a silvery white triangular

I



Williston.] *^"4 [May W,

spot on eacli^ side near the eye above ; hyperstoma much projecting.

Frontal triaiigle (c^) swollen, distinctly fossulate, front ($) with well

marked lateral grooves. Eyes uniform. Thora.x: and scutellum shining

green, tinelj' punctulate, with obscure pile. Abdomen broad, black, with

short appressed wiiite pile, but little shining, in the male the entire margin

with the hypopyginm shining brassy green, the venter shining like the

border. AVings fuscous, stigma brown, outer anterior angle of first pos-

terior cell obtuse. Legs black. Long. corp. 6-7 mm. California.

Chrysog.\ster bellulus, sp. nov.

(5^9- Antenme reddish-brown, a little longer than the face, second

joint a little shorter than third. Face green black, lightly rugose, white

pilose, hyperstoma moderately produced downward. Frontal triangle (rj^)

not swollen, front (9) "with well marked lateral rugosities, eyes with

irregular narrow linear markings. Thorax and scutellum bright green,

scabrous, with four narrow coppery stripes. Abdomen oval, a little darker

green, more shining on the boixlers, punctulate. Legs black, base and

tips of all the tibia*, and first joints of tarsi yellowish-red. Wings nearly

hyaline, slightly clouded in the outer cells, stigma brownish, last section

of fourth vein straight, rectangular, joining the third nearly at right angles

opposite the tip of second vein, clouded with brown, the cloud either ex-

tending across to tip of second vein or more or less internipted in front of

the third. Long. corp. 6-7 mm., Washington Territorj', California.

Differs from C. nitidus Wied., which it closelj- resembles, in its larger

size, the second joint of antenme proportionately a little shorter, and the

concavity of lower part of face being less, in the absence of abdominal

fasciae, and in the termination of the fourth vein.

Chrysogaster nigrovittatus Lw\, Zeit. f. Ges. Naturw. 1876, p. 323.

Colo., Washington Terr. ! Calif.

DD.—Face and front without transverse wrinkles ; false vein always
present, the fourth vein never bent inwards toward the tip ; face

usually w^ith distinct tubercle, third joint of antenna; never
elongate. Small or medium sized species, more or less pilose, ab-

domen never slender. Cheilosia.

This genus, a very large one in Europe, has hitherto consisted of but

seven described species, none of them from west of the Rocky Mountains.

I describe here five additional ones from the Western regions, two of

them belonging to the division with pilose eyes hitherto undescribed in

tliis country.

Three or four ofDr. Loew's species are unknown to me, but this writer's

familiarity with the genus enables his species to be placed Avith a good deal

of certainty from the descriptions alone. In the identification of species

described in but one sex, it should be remembered that in the female

the pilosity of the eyes i^ l(»ss, tlie antenn;p usually lighter colored, and

the third joint larger.
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a.—Eyes distinctly pilose &.

—Eyes bare c.

6.—Third joint of antennae (c?) small, oval, blackish ; face with sparse

long pile ; wings not lighter toward the base. .

.

. occidentalis, sp. nov.

—Third joint of antenn* (9) larger, subquadrate, reddish; wings lighter

toward the base lasiophthalmus, sp. nov.

c.—Scutellum with bristly hairs on its border d.

—Scutellum without bristly hairs on its border h. .

d.—Humeri, scutellum, and lower part of the face, luteous ; face strongly

excavated above ; arista pubescent e,

—Black shining ; arista pilose (except in tristis) /.

e.—All the femora except the apex black Heucoparea

—Hind femora, except base and apex, black *pallipes.

f.—Legs black, knees, base and apex of tibiae and more or less of the

tarsi, luteous g-

—Anterior legs luteous, posterior blackish with the base and apex of

femora and tibi* and last joints of tarsi luteous plumata.

g.—Second and third segments of abdomen, except anterior angles,

opaque {(^) tristis.

—Second and third segments of abdomen wholly shining ((J)

cyanescens.

-h.—Abdomen with distinct, entire cross-bands, legs, except the posterior

femora, red •.
. .rufipes, sp. nov.

—Abdomen without metallic bands t.

i.—Second and third segments of abdomen opaque (^) .j.

—Abdomen wholly shining A:.

j.—Legs black nigripennis, sp. nov.

—Legs luteous, femora black *capiUata.

k.—Legs black comosa.

—Legs in large part luteous parva, sp. nov.

Cheilosia tristis Lw., Cent, iv, 71. British America. Three male speci-

mens from Oregon and Washington Territory agree so closely with

the description of this species, that I believe it to be the same. I have

no other specimens with which to compare them.

Cheilosia comosa Lw., Cent, iv, C6. Colorado ! Red River of the North.

The previous remarks will apply equally well to this species.

Cheilosia occidentalis, sp. nov.

(J'.
—Frontal triangle black, with black pile, swollen with a depression ;

antennae black, third joint somewhat brownish, nearly orbicular, small,

arista with scarcely perceptible pubescence. Face shining black with

sparse lutescent pile, scarcely concave from base of antennae to tip of

tubercle, deeply and shortly concave below the latter. Eyes thickly

pilose, lutescent below, fuscous above. Thorax deep green black, with

brow-n or blackish pile, intermingled with shorter lutescent. Abdomen
oval, not at all slender, deep, somewhat metallic green, shining, pile lutes-
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cent, longer than in the thorax, especially on the sides of the anterior seg-

ments, the dorsum in the middle nearl}- bare. Legs black with black and
lutescent pile, tibiie reddish at base and extreme tips. TeguUe light yel-

low, halteres yellow. Wings smokj- brown, darker in front and at the

root. One specimen. California. Long. corp. 11 mm.
An additional species from California has larger, more reddish subqiiad-

rate third joint of autenn*, arista short pilose, no pile that I can dis-

tinguish in the face, and the pile of the body shorter.

Cheilosia LAsioPHTJiALMrs, sp. nov.

(^.—Frontal triangle moderately swollen, with an impressed longitudi-

nal line, and light yellowish pile. Antenn* brownish red, third joint

rather large, nearly square, arista bare, black. Face deep black, shining

with yellowish pubescence, slightly excavated below the antennae, con-

siderably produced below the "eyes, a well-marked groove begins at the

base of the antennse, runs obliquely outward to the eye, and then curves

downward near the e^e into the cheek. Posterior orbits below broadly

dusted with yellow. Eyes thickly reddish-yellow pilose. Thorax metal-

lic green, shining, thickly covered with light yellow pile, on the pieuriE

bushy. Abdomen broad oval, shining black, with abundant pile like that

of the thorax. Teguhe light yellow. Legs black with yellow pile, femora

at the tips, base and tips of tibiie, and basal joints of intermediate tarsi,

yellow or lutcous. "Wings subhj-aline, with an indistinct brownish spot

near the middle, basal part yellowish. Long. corp. 10-llmm. Four speci-

mens. Colorado.

Female specimens that may belong to this species from California have

the pile much shorter and more grayish. They are too badly preserved,

however, for me to determine with any degree of assurance.

Cheilosia rufipes, sp. nov.

9 .—Front and face shining black, the former on the sides and the latter

except the tubercle lightly covered with minute gray pubescence. An-
tennae blackish, third joint twice as long as wide, reddish on the under

side, arista bare. Thorax metallic green, lightly punctulate, pile very

short, whitish ; scutellum with an indistinct, transverse groove. Abdo-
men black, with a metallic reflection, smooth, shining, elongate oval, with

a small tuft of whitish pile on the side of the second segment, and very

short, elsewhere ; .second segment with large oval spots in front, narrowly

separated ; third segment with broad cross-bands in front, attenuated in

the middle ; the fourth segment with similar but less attenuated ; the fifth

segment partly or wholly, bluish green. Legs red, posterior femora an-

nulate near the middle, or almost wholh' brown or blackisli, terminal

joints of tarsi infuscated. "Wings hyaline, stigma dilutely yellow. Long,

corp. 8-9 mm. Washington Territory', California. Five specimens.

The abdomen is not sufficiently fasciated to place it among the Mdanos-

torme ; in everjlhing else it presents the characters of Cheilosia.
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Cheilosia nigkipennis, sp. nov.

(^.—Deep black, eyes bare. Frontal triangle and face shining black,

the former fossulate, the latter very slightly excavated below the antennte.

Antennae small, basal joints black, third joint reddish-brown or brown,

rounded. Thorax black, nearly opaque, with short black pile above and

longer on the pleura' and scutellum, the latter shining. Abdomen short,

broadly oval, depressed, opaque black with a bluish cast, pile on the sides

of the anterior segments, reddish -yellow, anterior angles ot third and

fourth segments, shining metallic. Tegulte with blackish border, and a

fringe of black pile. Legs black. Wings blackish in front, clearer behind,

veins black. Long. corp. 7-8 mm. Three specimens from Mt. Hood,

Oregon.

Cheilosia parva, sp. nov.

$—Shining greenish-black, with a brassy reflection. Eyes bare. Front

and face shining, the former with short, fuscous pile, the latter moderately

excavated below the antennse, tubercle broad, obtuse. Antennae black,

third joint oval, somewhat reddish below. Thorax and abdomen with

short, lutescent pile, sparse on the latter, which is elongate oval. Legs

luteous ; the anterior femora toward the base, rings of the tibia', and ter-

minal joints of tarsi and the posterior legs except the ends of,femora, base

and tips of tibia, brown or blackish. "Wings lutescent, veins black. Long.

Corp. 5-G mm. Mt. Hood, Oregon.

IV.

J.—Small cross-vein before the middle of the discal cell.

2.—Antenna shorter than the head.

aa.—Face tuberculate or hyperstoma produced.
*.—Abdomen linear or oval, never club-shaped.

ff—Black with luteous, reddish or yellow ; if uniformly black,

the hind femora thickened.

E.—Hyperstoma produced into a long, slender porrected snout ; femora

slender (the third longitudinal vein joins the costa beyond the tip).

Rhingia.

The single American species of this genus B. nasica Say, is very common
in the Eastern States, but I have never seen a Rhingia from beyond

the Mississippi.

EE.—Face not produced into a snout like hyperstoma, femora more or less

thickened.
F.—Face not produced, extending but little beyond the eyes, in ^' much

moi'e tuberculate than in 9 ; hind femora usually with spines be-

low, abdomen oval. Mo,stly black species or with luteous mark-
. ings at base of abdomen, scutellum, humeri, cheeks, etc

Myiolepta.

Four species have been described from Eastern Xorth America, and the

genus is now recorded for the first time from the West.

PllOC. AMEK. PHILOS. SOC. XX. 113. 2m. PRINTED ACOLST 3, 18S2.
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Myiolepta. yAKTPES Lw., Cent, ix, 79. Virginia.

Specimens very closely allied to this species, if not the same, I have from

Washington Territory and Kern county, California. The lateral margins

of the second segment and basal parts of all the tarsi are luteous. In the

male the facial tubercle is prominent, though small.

Myiolepta bell.a., sp. nov.

$.—Black, shining. Front with v^ry short black pile above; face

bare, much produced, in profile briefly convex in the middle of the con-

cavity between antennic and tip. Antennal basal joints nearly black,

third joint large, orbicular, red, arista black. Thorax with short, black

pile, somewhat intermixed with yellowish, longer on the border of the

scutellum. Abdomen ver}'^ shining with short, whitish pile, longer and

bushy on the sides of the second segment. Halteres light yellow. Legs

black w'ith black pile. Wings smoky or brownish toward the end.

Stigma brown. Long. corp. 7-8 mm. Three specimens, Washington

Territorj^ ; Mt. Hood, Oregon.

FP.—Face more or less produced, extending considerably below the eyes.

Either wholly or in large part luteous or reddish, the arista fre-

quently pubescent or pilose.

G.—Face carinate, abdomen oval Brachyopa.

Our species may be tabulated as follows :

a.—Arista distinctly pubescent ; face and antennae j^ellow or yellow-

ish-red b.

—Arista bare c.

h.—Dorsum of abdomen brown *ferTuginea.

—Dorsum of abdomen yellowish-red, with brown incisures, and a

brownish median line notata,

c.—Face and front brownish, densely clothed with grayish pollen,

abdomen mostly brown vacua.

—Face yellow, upper part of front (?) brownish-black, antennae

yellow, third joint large ; abdomen reddi.sh-yellow with brownish

incisures media, sp. nov.

Brachyopa? notata O. S., Cat. Dipt. 247. White Mts., N. H. (O.

Sacken) ; Mt. Hood, Oregon ; Washington Territory I

Brachyopa vacua O. S. Canada (O. S.) ; Kern Co. California !

A single female specimen from this locality agrees so closely with Baron

Osten Sacken's description that I believe it to be the same species. The

legs and antennae are, however, more reddish than brownish, and the

wings are quite hyaline, more so than the preceding.

Brachyopa ^fedia, sp. nov.

9.—Face and lower part of front reddifeh-yellow, the latter projecting

rather more than notata; antennje the same color or a little lighter, the

third joint very large, arista brown, yellowish at the base, front in

the upper two-thirds black, grayish pollinose. Dorsum of thorax nearly
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black, with short white pile and thick gray pollen, leaving three darker

stripes, scutellum red ; abdomen yellow, the segments with narrow pos-

terior brownish lines. Legs reddish-yellow, the hind tibite somewhat

brownish, terminal joints of tarsi fuscous, or black, hind femora a little

incrassate. Wings hyaline with a slightly yellowish tinge ; first posterior

cell briefly petiolate, the base of second posterior cell is an obtuse angle,

about midway between the two preceding species. Long. corp. 6-T mm.
One specimen, Kern county, California.

GG.—Face more produced, obtusely tuberculate ; abdomen long (xylo-

tiform) ; with scutellar, postalar, dorsopleural and mesopleural
bristles. All the femora thickened and irregularity spinose

Eugeniamyia Wlstn.

EuGENiAMTiA RUFA Wlstu.. Canada Entomologist, Vol. xiv, p. 80,

California !

J.—Small cross-vein, before the middle of the discal cell.

3.—Autennte shorter than the head.

a.—Marginal cell open,

aa—Face tuberculate.
*.—Abdomen elongate, not club-shaped.

fff.—Black or greenish-black, with yellow or yellowish or fer-

ruginous interrupted abdominal cross-bands.

§.—Face black.

H.— '-'Wings not longer than the abdomen; ocellar tubercle large,

prominent ; abdomen depressed, long, elliptical, somewhat nar-

rowed at the base, the lighter markings ferruginous or orange-yel-

low " (Schiner) *Pyrophaena.
HH.—Wings longer than the abdomen; ocellar tubercle not unusually

large, abdomen more slender, the cross-bands yellow, or greenish

-

yellow.

I. Anterior tibiae and metatarsi of male dilated Platycheirus.

Platycheirus quadratus Say. Washington Territory, Kern Co.,

California !

I cannot distinguish specimens from these localities from our Eastern

ones ; the color of the hind legs vary much as they do in the East.

? Platycheirus hyperboreus Staeger.

Another species from Washington Territory does not differ in any note-

worthy degree from a female specimen of hyperboreua identified by Baron

Osten Sacken, but the male's tibise'are not dilated. I am strongly inclined

to believe that the dilatation is nothing more than a specific character, and
that the name PlcJycheirus should be given, up as misleading, and all the

species placed under Melanoatoma. P. quadratus, is variable, and only a

large amount of material will settle the question whether they are a group

of closely allied species, or merely varieties ; in the former case, the genus

should be retained, in the latter, it should be united with Melanoatoma.
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II.—Anterior tibia? and tarsi of male not dilated Melanostoma.

^ELAXOSTOMA TiGuiXA O. S., "NVest Dipt. 323, Washington Territory,

California ! common.

Melaxostoma scalakis Meigen ; Schiner, Fauna Austr. Dipt., 291,

Colorado I Europe and Xortli America.

VI.

J.—Small cross-vein before the middle of the discal cell.

2.—Antenna- short.

a.—Marginal cell open,
aa.—Face tuberculate, hyperstoma not produced.

*.—Abdomen oval or elongate, not club-shaped,

ftt-—Black or greenisli-blaclv, with yellow markings.
j;i;.—Face wholly or in part j-eilow.

-•—Dorsum of thorax with yellow lateral stripes.

J.—Abdomen with seven visible segments, the hypopygium unu«ually

large Sphaerophoria.

I have numerous specimens of this genus from the AVestern regions,

among which there are probably four or five species. I recognize, how-

ever, only one species, viz :

Sph^uopiioria micrura O. S., West Dipt., 330, California !

* Spu.krophoria sulphuripes Thomson, Eugen. Resa, 501 (^Syrphus),

O. S., 1. c, Calif.

JJ.—Abdomen not showing more than six segments, hypopygium not
^

unusually large.

K.—Eyes of male with an area of enlarged facets above ; abdomen

rather slender, fourth segment Avilh yellow median stripes and

oblique side spots AUograpta.
" Allograpta fracta O. S., West Dipt., p. 331. Santa Monica, C'al.

KK.—Eyes of male without area of enlarged facets (fourth segment of
abdomen fasciate).

L.—Thorax with a median, dorsal, cinereous line ; ocellar tubercle re-

mote from vertex ; slender species.

M.—Posterior femora enlarged and bent Toxomerus.

ToxOMERUS GE.MixATUS (Say). Washington Territory' ! California,

Eastern States.

Scmui (jeminata Say, Compl., Wr. ii, 80.

Toxomerus notatus Macq., Dipt. Exot., 5 Suppl., 93.

Mesof/rfipta geminaUi Scliiner, Xovara Exped. O. S. Cat. Dipt. p. 125,

West. Dipt., p. 330.

MM.—Postorior femora simple Mesograpta.

Mesoorapta marginata (Say), O. S., Korn Co. Cal. ! Atlantic

Slates, common.
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LL.—Thorax without median dorsal cinereous stripe, ocellar tubercle as

usual ; abdomen more oval.

N.—Head obtusely conical, front plane, face receding, third joint of

antennjv orbicular Doros.

NN.—Front more rounded, face less receding, third joint of antenna;

large, elliptical Xanthogramma,

a.—Bands of abdomen entire or sub-interrupted .felix.

b.—Bands of abdomen broadly interrupted :

Xanthogramma divisa, sp. nov.

(5*$.—Face and cheeks yellow, or reddish -yellow. Front metallic

greenish-black, continued as a broad stripe to the base of the antenna*,

somewhat expanded below, on the sides yellowish. Antennte black,

somewhat reddish below on the sides of the second and third joint near

the base, third joint oval obtuse as in felix, but a little smaller. Dorsum
of thorax deep metallic green with yellow lateral stripes, pleura; yellowish

with white pile. Scutellum a somewhat translucent yellow, its base nar-

rowly black. Abdomen : first segment with a small yellow spot on each

side just under the halteres, second segment with an oval spot on each side,

somewhat attenuated toward the middle, third and fourth with large rec-

tangular spots, separated by nearly their own width ; fifth with an ante-

rior fascia narrower in the middle and encroaching slightly upon the pre-

ceding segment. Legs yellow, anterior and middle femora sometimes

narrowly brown annulate near the base, posterior legs mostly brownish

or blackish, except the base of femora and knees. Wings hyaline, with a

smoky tinge, stigma yellowish. Long. corp. 9-llmm. Eight specimens.

"Washington Territory.

VII.

A.—Small cross-vein before the middle of the discal cell.

2.—Antennre short.

a.—Marginal cell open,
aa.—Face tuberculate, hyperstoma not produced.

*.—Abdomen oval.

fff.—Black, or greenish-black, with yellow markings.
§§•—Face wholly, or in part, yellow.

r-.—Dorsum of thorax uniform, without lateral stripes.

O.—Thickly pilose species ; abdomen quite oval, broader beyond the mid-
dle ; face perpendicular, somewhat projecting below and reaching far

back under the eyes. (Basal portion of abdomen j-ellow, terminal
portion black, wings with dark spot. L. lucorum) Leucozona.

Leitcozoxa LrcoRUM (Linne), Schiner—Meig. Beschr. iii, 318 ; Tab. 30,

f. 27 (Syrphus) ; Mt. Hood, Oregon ! Europe ; North America.

OO.—Eather bare species ; abdomen with yellow bands, either all en-
tire, or one or all interrupted.

P.—Eyes of male with an area of enlarged facets above ; front very
convex ; hypopygium very small Catabomba.

Catabomba pyrastri (Linne), O. S. Meig., System Beschr. iii (Si/r-
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phus.) Europe and Western America. Ver}- abundant in the Pacific re-

gions.

PP.—Eyes of male without area of enlarged facets above ; front moder-

ately convex ; hypopygium not very small.

Q.—Sixth abdominal segment of male as long as two preceding together,

but narrower, somewhat tubular, unsymmetrical ; on underside of
seventh segment two long linear sub-parallel appendages, arcuate,
bidenticulate at end, embedded in grooves when at rest. In the fe-

male fifth segment half as long as preceding. Scutellum much
raised, exposing metanotum Eupeodes.

EvPEODES voLUCKis O. S., Wcst Dipt., 329. Washington Territory,

Kern county, California. ! Nevada, Utah, Colorado, common.

QQ.—Hypopygium without slender appendages, sixth segment of male
not peculiar ; fifth segment of female one-third or one fuurth as
long as preceding.

R.—Third longitudinal vein with a distinct sinuosity ; third joint of
antenniE elongate-oval Didea.

Table of Species :

a.—Third joint of antennae obtusely pointed ; third longitudinal vein,

with a considerable sinuosity. Abdominal cross-band of second and

third abdominal segments broader towards, but not quite reaching,

the lateral margin fuscipes.

aa.—Third joint of antennae more evenly oval ; the third longitudinal

vein less sinuous
;

b.— Abdominal cross-bands attenuated at outer ends, and usually quite

meeting the lateral margins :

Didea laxa O. S., Cat. Dipt. 245. White Mts. ; Mt. Hood, Oregon
;

Washington Terr. !

bb.—Abdominal cross-bands nearly obsolete :

V Didea AiiCiDiCE.

Syrphus Alcidice Walker, List, etc., iii p. 571J. Hudson Bay Terr.;

Osten Sacken Cat. Dipt., 2d Ed., p. 244, note 205.

A single specimen from Mt. Hood, Oregon, resembles D. laxa very

much, but the two small oval yellow spots of the second segment, the re-

maining segments being dark metallic green with an opaque, black longi-

tudinal line, seem to indicate a distinct species, and apparently Walker's

Alcidice. The generic differences of both these species, however, from

some species of Syrphi (e.g., S. lapponicus), are feeble.

RR.—Third longitudinal vein straight or gently curved ; third joint of

antennae short oval Syrphus.

This genus appears to be a prominent one in the Western regions ;

many of the Eastern species appear, and others have strong resemblances.

Two si^ecies which present well marked characters, I describe as new.

The following table contains, with the exception of dimidiatus. tarsatas,

and fumipennis, all of the known species north of Mexico. It is composed
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of the two tables given by Osten Sacken (Proc. Bost. Soc. N. II., 1875,

p. 138, and West. Dipt., p. 32.5), united, with the addition of the species

herein described.

Syuphus.

a.—Second and third cross bands of abdomen never interrupted h.

—Three principal cross-bands broadly interrupted *".

h.—First cross-band broadly and distinctly interrupted in both sexes. .. .c.

—First cross-band narrowly interrupted in the male ; not interrupted in

the female '
It-

c. —Abdomen elongated, narrrow, linear diversipes.

—Abdomen oval d.

d.—Femora black at the base e.

—Femora yellow at the base ribesii $ ,
protritus.

e. —Abdominal cross-bands do not reach the lateral margins g.

—Abdominal cross-bands reach quite the lateral margins ./.

/. —Eyes pubescent torvus.

—Eyes glabrous . . . ribesii J*.

g. —Cross bands attenuated on the sides opinator.

—Cross-bands reach the sides in nearly their full width ; not attenuated

near the ends Lesueurii.

h.—Face yellow abbrematus.

—Face with brown stripe ame/ricanus.

i. —Abdomen elongated, narrow, linear .j.

—Abdomen oval I.

j. —Eyes pubescent velutimts, sp. nov.

Eyes glabrous fc.

k.—Antennae inserted on yellow ground umbellutarum.

—Antennae inserted on black ground geniculatus.

I. —Eyes pubescent m.

—Eyes glabrous o.

in.—Abdominal spots straight n.

—Abdominal spots coarctate in the middle, sometimes broken in two
;

I.
'

. , , , , , . , .-,,, i iimalopis.
face conspicuously brown or black m the middle -^ . . ,

I- J
( mtrudens.

n.—Face yellow ; third longitudinal vein straight conkimax.

—Facial stripe and front black velutinus, sp. nov.

0.—Abdominal spots lunate, face with black on the tubercle . .lapponicus.

—Abdominal spots straight, face without black disjunetus, sp. nov.

Syrphus lapponicus Zett., Dipt., Scand. ii, 701, 3. Wyoming Terr.,

Kansas, Oregon, Southern California, New England ! Greenland, Europe.

Specimens taken in Connecticut, late in October, have the sinuosity of the

third vein as strongly marked as in any Western ones. The si^ecies is

widespread and common.
Syrphus opinator O. S., West. Dipt., 327, Oregon, Washington Terr.,
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California ! ^PP^'"*^"'^^' ^ common species, as twentj'-five specimens arc

in my collecti(m.

Sykphcs ribesii Linne, O. S., Pr. Bos. Soc. Xat. Ilist., 1874, 139.

Oregon, California, New England I Europe. Male specimens with the

basal portion of the femora black, agree quite with Eastern specimens.

Syrphus protritus O. S., West. Dipt., 328 Marion Co., California.

Unknown to me.

Sykphus Lesueurii Macq., O. S., Pr. Bos. Soc. Xat. Hist., 1875, 143.

Washington Terr. ! A single specimen agrees closely with those from

New England.

*Syrphus ixtrudexs 0. S., "West. Dipt., 32G. California. Unknown to

me.

Syupiics AMERiCANtJS Weid., Q. S., Pr. Bos. Soc. Nat. Hist. 1875, p. 145.

Female specimens agree quite with New England ones, and I have little

doubt of their identity. Calif., Oregon !

*SYRPHns FUMiPENXis Thomson, Eugenies Resa, '490, California.

Syrphus %TELUTiNt:s, sp. nov.

r^^.—Eyes distinctly pubescent. Face obscurely yellow, with a broad

median black stripe, extending to the oral margin ; antennie deep black.

Frontal triangle brassy black, extending to the base of the antenna'. Front

(9) black, brassy in the middle. Thorax greenish-black, with a metallic

lustre, and rather abundant rufous pile, pleuraj white pollinose, the pile

more Avhitish. Scutellum black in the basal part, subtran.slucent yellow-

ish at the margin. Abdomen long (shaped nearly like Platycheirus)

nearly parallel on the sides towards the end of the fourth segment ; the

color opaque black with short black pile and three interrupted cross-

bands ; the first pair of spots in the second segment, broad, nearly square,

separated by less than half their width, whitish-yellow, second and third

pairs narrow, rectangular, separated by about their own width, not at-

tenuated before the lateral margins, bluish-white. Legs black, terminal

half of anterior and middle femora, anterior and middle tibine, except

brownish rings beyond the middle, yellow. Wings hyaline, stigma

brown. Long. corp. 11-12 mm. Two specimens. Mt. Hood, Oregon.

Syrphus Dis.irxcTus, sp. nov.

(J.—Eyes bare. Frontal triangle blackish, with a brassy reflection
;

face reddish-yellow with a bluish reflection, without any stripe or spot on

the tubercle, cheeks black, the oral border behind, yellow. Antenna;

brownish-black, the basal half of third joint yellowish-red. Thorax me-

tallic green black, with short reddish pile, longer on the scutellum
;

scutellum bluish opalescent, black at the base. Abdomen black, with

three pairs of bright yellow spots, the first pair small oval, second and

third pairs nearly square, rather broader on the outer sides, separated by

a very distinct black space from the lateral margins, fifth segments on the

anterior corners, yellow. Legs sordid j'cllow, anterior and middle femora

toward the base, and posterior legs except more or less of the tip of femora
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and base of tib'ue brown or brownish-black. Wings tinged with brownish,

the stigma darker, third longitudinal vein very slightly curved. Long.

Corp. 9-10 mm. Four specimens. Washington Ter.

VIII.

J.—Small cross-vein before the middle of the discal cell.

2.—Antenni\j short.

a.—Marginal cell open,
aa.—Face tuberculate or hyperstoma produced.

**.—Abdomen contracted toward the base, more or less club-

shaped.

S.—Posterior femora slender ; wings usually with brown ; fiicc. tubercu-
late ; hyperstoma retreating ; longer, more slender species

Bacha {Ocyj>tamus).

The differences between these two genera I cannot satisfactorily make
out. I have two species of Bacha from California, both of which seem

different from :

*Bacha lemur 0. S., West Dipt., 331., Cal., ISTew Mexico and :

*Bacha AXGUSTA O. S., West Dipt., 333, California.

SS.—Posterior femora swollen ; hyperstoma produced ; short, small spe-

cies.

T.—Hyperstoma produced anteriorly, in profile, deeply concave from
antenn;e to tip ; third joint of antenn;e nearh' orbicular ; the
fourth longitudinal vein joins the third in a right or acute angle.

.

Sphegina.

Three species from Washington Territory' and Oregon correspond pretty

well with S. LOiiATA Lw., S. infuscata Lw. and S. iiufivextris Lw.,

but in the absence of better material in this genus, I will not venture to

describe them.

TT.—Hyperstoma produced more downward, in profile very slightly con-
cave from antenna; to tip, the fourth longitudinal vein joins the
third in nearly a right or obtuse angle Ascia.

Ascia metallica, sp. nov.

(^9-—Front and face metallic bronze black, shining, the latter white

pollinose. Antenn;e black, third joint brownish-black below, near the

base retl. Thorax metallic-green black, finely punctured. Abdomen like

the thorax, the third segment, in the female, with two, small or indis-

tinct, spots near the front ; in the male the front half except the angles red.

Legs with the anterior and middle femora, except the base and ends, the

posterior coxse, femora, except the basal fourth, tibiae, except the basal

third and tips, and the posterior metatarsi black, other parts light j'ellow.

Wings hyaline. Long. corp. 4-5 mm.
Three specimens, Mt. Hood, Oregon.

PKOC. AMER. PHII.OP. POC. XX. 112. 2x. PRINTED AUGUST 8, 1882.
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The black of^ the legs, in one specimen, includes a larger part, with a

portion of the anterior and middle tarsi.

IX.

J.—Small cross-vein before the middle of discal cell.

2.—Antenna' shorter than the head.

aa.—Marginal cell closed and petiolate.

U.—Second and third joints of antenna; elongate ; arista very densely
plumose, appearing like a solid mass *Copestyluin.

* CoPE8TYLU>r marginatum: (Say), O. S. Say, Corapl. Wr. ii, 300

(Volucella). Mexico, Texas.

UTJ.—Third joint of antenna' elongate ; arista feathery

( Volucella,
P^^"^«^^ jTemnocera.

* Volucella AviDA O. S., West Dipt., 333. California. Mexico.

Volucella satur O. S., 1. c, Colorado. Utah !

VoLUCELL.v fasciata Macq., Dipt. Exd., ii. 2, 21, 1. Western

Kansas ! Texas, Colorado, Mexico.

Volucella facialis, sp. nov.

(5*$. Closely related to V. evecta Walk., but differs in the face being

quite yellow, with yellow pile, and the dorsum of thorax and pleurse be-

ing covered with black pile.

Face yellow, yellow pilose, cheeks black, shining, bare. Antenna? :

first two joints brownish-black, third joint red, or reddish-brown, arista

darker, black plumose. Front in female yellow, darker at the vertex,

yellow pilose ; frontal triangle {(^) black, or brown with shorter yellow

pile, vertex with tuft of long yellow pile. Thorax black, shining, the dor-

sum broadly black pilose, in front and behind and on the sides with

longer yellow pile, pleura; with black pile. Abdomen black, shining,

second segment except the middle third or half, and narrow posterior

border, light yellow, the narrow posterior part of third, the fourth and

fifth segments conspicuously red pilose, other parts of abdomen with

shorter black pile. Legs black, black pilose, basal portion of tibiae and

all the tarsi dark red. Wings hyaline, the veins with brown clouds, a

brown spot opposite the small cross-vein. Long. corp. 14^15 mm. Three

specimens. California.

The posterior part of the abdomen in V. er.erfa is usually black pilose

without any trace of the red, but rarely in some specimens the abdomen
is marked precisely like facialis, and hence it is quite probable that

specimens of the California species may sometimes lack the rufous pile.

The black pile of the thorax will at once distinguish the species or

variety if it should prove to be such, as in a large number of specimens of

etecta I have never found any with such thoracic pile. However, as

regards its specific distinction, see Eristalis flavipes melanastomus Lw.
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The genus Temnoeera is an unsatisfactory one, and I believe ought to

be suppressed. Tlie characters relied upon are tlic more slender third

joint of antenni\3, and the presence of bristles on the scutellum.

I do not know either of the following species :

*Te>ixocer.v setigera O. S., West Dipt., 334, iSTew Mexico.

*Temxocera MEGACEPHALA Lw., Centur. 15, 57. California.

X.

J J.—The small cross-vein at or beyond the middle of the discal cell,

oblique.

a.—Antennas with a distinctly dorsal bristle.

[i,—Third longitudinal vein deeply sinuous.

y.—Marginal cell closed and petiolate.

V.—Thorax never with yellow spots ; wings lij^aline or with a dark spot

;

face obtusely tuberculate Eristalis.

Eighteen species of Eristalis are recognized by Baron Osten Sacken as

having been described from America, north of Mexico. More than twice

as many names have been given, chiefly by Walker and Macquart, but

the facilities enjoyed by Osten Sacken, together with His well-known ac-

curacy and faithfulness, render it unnecessary to any further discuss the

most of them at present.

Since the publication of this catalogue two species have been published

by Bigot in i\\e Annales des Soc. Ent. de France, 1880, 216-217. E. parens

is given below in part ; E. zonatus == E. transversus Wied.

I have endeavored to tabulate below all of the species known to me, and

have added the diagnoses, or descriptions, of all the remaining, with the

addition of what I identify as E. Meirjenii Wied., a South American

species = E. androdu% O. S. (non Walker, undescribed, see catalogue,

etc.), togetlierwith two new ones. The genus though large, and especially

predominating in America, is readily defined, showing comparatively lit-

tle structural variation. The eyes are contiguous, or sub-contiguous, usu-

ally pilose, although in some species, ^^tenax, occupying only a spot in the

middle ; in oineus they are nearly bare, being sparsely pilose near the top.

The third joint of tlie antennae is sub-quadrate, thus at once distinguishing

it from Voliicella and Temnocera. The face is never produced, in nearly

all of the species with a not very prominent tubercle, with a n^edian stripe

and cheeks black, bare, and shining. From 3Iilesia and PteropUla it may
readily be distinguished t)y the absence of distinct yellow spots or stripfs

on the dorsum of the thorax, which is, however, sometimes distinctly fas-

ciate or vittate with dull gray or olivaceous ; from the latter genus also by

the absence of pubescence on the wing, though, indeed, this character is

only relative. There is a tendency to differences of coloration and mark-

ings between the male and female, sometimes so striking as to cause one

to doubt their relationship. Such diff"erences may consist in the ab-

sence of yellow upon the abdomen, or in the presence of stripes of the



Williston,] "^J-^ [Miiy Jl»,

thorax. The \v\ngs show scarcely any variation ; the third longitudinal is

deeply bent into the first posterior cell, and the marginal cell is closed,

the latter character separating it from all other North American genera

except the ones previously mentioned.

EUISTALLS.

1.—Arista naked or indistinctly pubescent 2.

—Arista pilose or distinctly pubescent (nearlhe basel 3.

2.—Scutellum of the same color as thorax, abdomen without light mark-

ings, shining, eyes nearly bare, spotted in life, dorsum of thorax in

female distinctly vitiate .^ ceneus.

—Scutellum yellowish translucent, lighter than the thorax ; abdofnen

unicolorous, shining blackish, with indistinct or subobsolete sidq

spots on second segment, pile of eye mostly confined to an elongated

vertical elliptical line. Size and appearance of a honey-bee .... tenax.

3.—Thorax with thick or long pile, posterior border of third segment not

velvety black, wings mostly with a brown spot 4.

—Thorax and abdomen nearly bare, or with short, not wooly pile, the

abdominal segments usually with lighter hind borders. Less

BombusAike . v 8.

4.—Tarsi red, large species ; humble bee-like 5.

—Tarsi dark, smaller species 6.

5.—Thorax wholly yellow pilose above flacipes.

—Thorax with black pile in the middle when seen from the side

flavipes var. melanostomus.

6.—Abdomen with yellow or reddish on the sides of the second segment

only, thickl}^ mostly black pilose elsewhere, posterior half of third,

and the fourth segment shining ; legs black , . . .BastanU.

—Third segment with yellow or red, the pile of the abdomen almost

wholly yellowish, and long 7.

7.—Abdomen mostly reddish-yellow with a nearly equal median blaCk

stripe ; eyes barely meeting in the male ; legs h]Ack.moiitanus, sp. nov.

—Third segment with a smaller reddish-yellow spot in the side, second

segment velvety black, third with a triangular velvety expansion in

front ocddentnlis, sp. nov.

8.—Third abdominal segment with a posterior velvety black cross-band

not interrupted in the middle 9.

—Third abdominal segment with ^ distinctly interrupted band, or else

wholly shining. Not with a complete band 13.

9.—Thorax with transverse olivaceous fascite, front narrow above ( $ )-10-

—Thorax without such fasciae 11

10.—Hind femora not swollen, second segment of abdomen with large

spots, third segment in the male, with anterior rectangular spots

wanting in the female, and hind borders of second, third and fourth

segments yellow. Legs varying from almost wholly j^ellow with

black on tips of hind femora and tibia-, to black with yellow knees..

.

transversus-
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—Hind femora distinctly swollen, bands of thorax conspicuous, third

segment of abdomen in female often with red or yellow side spots,

otherwise resembling the previous species very much, and like it

quite variable mnetorum.

11.—Third segment of abdomen broadly and conspicuously yellow, joining

the yellow of the second segment in front, the velvety fascia of third

segment abbreviated on the sides ; thorax with indistinct stripes ; eyes

of male touching each other very slightly JMeigenii Wied.

—Tiiird segment of abdomen without yellow, eyes of male broadly con-

tiguous 12

12.—Front of female narrow. Deep bluish-black, scutellum scarcely dif-

ferent, the abdomen with dull or obsolete triangular spots, the hind

borders of the segments indistinct or absent, conical ; tips of femora,

the posterior at the base especially in the female, basal half of tibiae,

and more or less of basal joints of anterior and middle tai'si, light

yellow. Wings with a dark spot saxorum.

—Front of female broad. Lighter markings of abdomen (the lateral tri-

angles and posterior borders) usually quite distinct, sometimes

nearljr obsolete ; third and fourth segments with a velvety median tri-

angular expansion with its base in front ; tips of femora, anterior and
middle tibia?, except tips and basal half of posterior tibiae yellow.

Wings sometimes with a distinct brown spot Mrtus.

13.—Third segment without (or with very minute) velvety markings,

abdomen mostly shining, second, third, and fourth segments with

fringe of white pile 14.

—Third segment of abdomen with an anterior spot, and a posterior

interrupted velvety black fascia, second segment with sub-obsolete

triangular yellow spots, posterior border of segments narrow or in-

distinct ; basal half of all the tibiiE yellowish-white. Wings pure

hyaline cUmidiatus.

14.—Second segment of abdomen with yellow triangles, and a posterior

uninterrupted or subinterrupted velvety cross-band, posterior mar-

gin of segments 2-4 yellowish-white, with a fringe of pale golden yel-

low hairs. (Length 9-13 mm. ) stipator.

—Second segment except the metallic side spots that extend the Avhole

length of the segment, A'elvety black ; third segment with a velvety

triangle in front, the fourth with similar, but very small ; the yellow-

ish-white hind borders fringed less conspicuously with light colored

pile Brousii, sp. nov.

Eristalis inornatus Lw., Centur. vi, 68. Red River.

Diagnosis, translation. 9- "Sub-brassy black, shining, clothed with

rather long lutescent pile ('pube') ; front broad, near the eyes black

pilose, but the vertex itself with luteous pile ; eyes pilose ; antennae red-

dish ferruginous, the first two joints black, the arista pilose ; face, except

the usual stripes yellow, with dilutely lutescent pile and pollen ; scutel-
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luin wholly testaceous ; each segment of the abdomen except the first

with a black posterior fascia, second and third emarginate and vekuinous,

the following sub-shining and in the posterior margin, very narrowly

yellow. Feet black, extreme apex of the femora, the basal half of ante-

rior and posterior tibite, the middle tibite except the apical third and the

first joint of the middle tarsi, pallid yellowish ; 'ahe hyaliniu, vena disci

colore subfusco late circumfusis.
' " Long. corp. Gy lin., Long. al.

4| lin.

Eristalis ohscurus Lw., 1. c. G7. Red River.

Diagnosis, translation. " $. Brassy black shining, clothed with rather

long dilutelylutescentcinerouspile ; front broad, above black pilose ; eyes

pilose, antennas reddish ferruginous, first two joints black, arista pilose,

face except the usual stripes yellow testaceous, white pollinose and white-

pilose ; scutellum brown, black near the base ; each abdominal segment

except the first with a posterior black fascia, not emarginate and with a very

slender posterior yellow margin ; feet black, apex and base ofall the femora,

the basal third of anterior and posterior tibi;e, intermediate tibiie except the

apex, and the first two joints of all the tarsi pallid yellowish ; wings pure

hyaline, veins of the disc clouded with fuscous. Long. corp. 5-5i lin.,

long, al., 4^-4| lin.

Eristalis latifroxs Lw., 1. c. 65. Matamoras, Texas, Iowa.

Diagnosis, translation, "cj^?. Black, moderately shining, wholly pal-

lidly pilose ; antenuic fuscous, setse bare, luteous ; scutellum testaceous
;

second segment of the abdomen with two sub-triangular testaceous spots,

posterior margin pallid, posterior margins of the following segments pal-

lid, in front pallidly pollinose ; feet black, the knees, tibiae, except the

apex, and the base of the intermediate tarsi, pallid flavescent ; eyes of the

male contiguous, in the female by the front broadly separated. Long. corp.

5j-5^ lin., long. al. 4^-4^ lin.

Eristalis atriceps Lw., 1. c. 64. White Mts., Canada.

Diagnosis, translation. "
cJ*. Black, shining; head wholly concolorous,

autennse obscurely rufous, arista bare ; scutellum and two spots of the

second abdominal segment brown
;
posterior margin of the second, third,

and fourth abdominal segments pallid' yellow ; wings hyaline, costa ex-

cept the apical third fuscous-clouded. Long. corp. 4g-4fj lin., long al.

3| lin."

Eristalis pilosus Lw., 1. c. 70. Greenland.

Diagnosis, translation, "c??. Black, thickly clothed with long yellow

pile ; eyes black pilose ; antennae black, arista bare ; face black ; thorax

unicolorous, opaque ; scutellum luteous ; first two abdominal segments

opaque, secured on each side with a dilutely lutescent spot ; third segment

black, with two opaque spots, confluent in an abbreviated fascia ; two ul-

timate segments brassy [metallic], black, shining, with a minute triangu-

lar spot, opaque
;
pile of the dorsum lupinous, on the sides of the middle
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black, remainder yellow ; wings pure hyaline, veins fuscous black, in the

female with blackish spots.—Long. corp. 5i-6i lin., long. al. 4^-5^ lin."

EristaUs cestriformls AYalker, List, etc., iii, 578 {Syrphus). Hudson's

Bay Territory.

"Mas. Niger, thoracis pilis anticis nigrls pootecis fulvis, scutello fiilvo,

abdomine pilis albis nigris fulvisque fasciato, antennis piceis, pedibus

nigris, alls limpidis fusco unimaculatis.

'"'Body black ; head clothed with dull tawny hairs, shining and promi-

nent in front ; mouth pitchy ; feelers pitchy ; bristle ferruginous, downy;
eyes pitchy, each with a broad stripe of short black hairs ; all the facets very

small ; chest clothed with short black hairs, and on the hinder part with

pale tawny hairs ; scutcheon tawny, very thickly clothed withpale tawny
hairs ; abdomen nearly oval, broader and a little longer than the chest,

clothed with white hairs at the base, with black hairs in the middle, and

with bright tawny hairs towards the tip ; legs black, clothed with short

black hair ; knees pitchy ; shanks and feet clothed beneath with tawny
down ; hind feet tawny ; claws and foot cushions tawny ; tips of claws

black ; wings colorless ; large dark brown spot in the disk ; wing ribs

pitchy ; veins black, ferruginous towards the base and along the free

borders
;
poisers ferruginous. Length of the body 7 lines ; of the wings

[spread] 14 lines."

Eristalis albiceps Macq., Dipt. Exot. ii, 2, 56, 41, Carolina.

"Ater. Thorace antice duabus fasciis transversus albidis. Abdominis

prlmo, secundo tertioque segmentis maculis lateralibus flavis. Facie fron-

tique albis. Long. 4 1. (^."

"Face testacie, a duvet blancet bande nue, luisante. Partie anterieure

du front a duvet et polls blancs. Antennes testacees. Yeux nus. Thorax

d'un noir velonte ; la seconde bande transversale sur la suture ; ecusson

fauve. Abdomen, les taches laterales laissant un espace etroit entr^lles
;

celles du troisieme segment n'atteignant pas le sord posterieur ; incisions

jaunes
;
quatrieme a petits polls noire. Cuisses noires, a geuoux fauves

;

jambes jaunes, a extremite bi'aune ; tarses noirs. Balanciers jaunes. Ailes

hyalines ; a base un pen jaunatre ; cellule basilaire externe s'etendant jus-

qu'a la moitie de la discoidale."

Erutalis parens Bigot, Dipt. Xouv. xxi, Annal Ent. Soc. Fr., 1878, 216.

Diagnosis, translation. (^. Eyes pilose, arista at the base briefly pilose

(similar to E. arhustorum) ; antennie reddisli-l)rown ; face black, on the

sides obscurely cinereous pilose ; thorax black, densely fulvous pilose
;

scutellum fulvous ; tegulte testaceous ; abdomen, second segment, on each

side, with a broad spot, triangular, fulvous, third with similar, but nar-

rower, spots, narrowly margined with yellow ; femora obscurely reddish-

brown, knees and tibiae pallid testaceous ; apex broadly reddish-brown,

tarsi obscurely red, apex slightly infuscate; wings nearly hyaline, base

and external border, dilutely and very pallidly iufuscated. Long. 13mni.

North America.
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EuiSTAMs TENAX (Liiinti). Mc'ig. Atliintic and Middle Statcs.WasliingtoQ

Territoiy ! Europe, Asia, xVfrica. A single specimen from the Pacific

coast agrees in every respect Avitli Eastern ones. The distribution of this

species is remarkable ; although at present A'cry abundant in the region of

New England, it was never observed or known to collectors longer ago

than 1874

!

EuiSTALis FLAVii'ES, var MEi^AXOSTOMUS Lw., Ccntur. vi., G9. I

have a single female specimen from Oregon that I doubtfully refer to this

species. While the dorsuin of the thorax is black pilose the yellowish pile

of the abdomen is confined to the terminal segments. I have collected

large numbers oi fiavipes in Connecticut, and among them I have found

typical specimens of melanostomi and others agreeing quite with the speci-

men from Oregon, while still others luiA'e the yellowish pile of the abdo-

men more or less intermixed Avith black. A typical vielanosto7ims pre-

sents a very difterent appearance from flavipes, and j'et from the col-

lection I have, I doubt the specific distinction. The name melanostomus

may be retained, however, to express the difference, more particularly

of the dorsal thoracic pile.

EuiSTALis STiPATOU O. S., West. Dipt., 336. Colorado, "Western

Kansas ! New Mexico, California.

Eristalis hirtus Lw., Cent, vi, 66 ; O. S. West. Dipt., 33.5. Wash.

Terr., Oregon, California, Colorado I A very common species, over thirty

specimens are in my collection. They show a considerable variation as

observed by Osten Sacken (1. c).

Eristalis (?) Meigenii Wied. , Aus. Zwei. Ins. ii, 177, 3.5, pi. x., fig. 15.

' {E. androclusO. S.), Brazil (Wied.) New England ! Utah, Alaska (see

O. Sacken. West. Dipt, 337). This species agrees so closely with AVied-

man's figure and description of JHeigenii from Brazil, that I believe it to be

the same. I shall, however, send specimens for comparison with South

American ones.

Eristalis moxtaxx's, sp. uov.

f^.—Eyes thickly pilose, sub-contiguous ; front and face reddish-black

with j^ellow pile, the facial stripe and cheeks black, shining ; antennye

brownish-black, arista bare. Thorax black, densely covered with yellow

pile, the scutellum yellow. Abdomen reddish-yellow, with thick reddish-

yellow pile, first segment black; second segment in the middle opaque

black, narrowed behind, in the third segment the black is confined to a

"broad median stripe, opaque in front, shining behind ; fourth segment

similar, wholly shining, hypopygium black. Legs black with black pile,

all the tibiae at the base 3^ellowisli-red. Wings hyaline with a brown spot.

Long. corp. 12 mm. One specimen. Wyoming Territor3^

Eristalis occidextalis, sp. nov.

(^Q.—Eyes pilose, front (?) brownish-black, dusted with yellow on

the sides, face on the sides thickly covered with same colored dust, and
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whitish yellow pile, median stripe and cheeks shining black ; antenna3

reddirih-brown, arista red pubescent. Thorax black, with rather short,

thick, j'cUow pile ; scutellum sub-translucent yellow Avith longer pile.

Abdomen black, thickly covered with yellow pile more or less intermi.xed

with black at the incisures, second segment on the sides broadly yellow,

in the middle wholly opaque ; third segment on the sides Avith smaller

reddish spots, extending one-half or two-thirds of the way back, and a

broad, shining cross-band narrowly interrupted in the middle ; fourth

segment shining, with a small opaque spot in front. Legs black with

black pile, knees and basal third of all the tibiae yellow. Wings hyaline

with a small dark ])ro\vn spot. Long. corp. 10-12 mm. Four specimens.

AVashingtou Territory.

Eristalis Brousii, sp. nov.

9.—Eyes with short whitish pile ; front brownish-black in the middle,

thickly covered with red dust on the sides, pile below yellowish, black

near the ocelli, face with whitish pile and yellowish-white dust, narrowly

shining black in the middle, cheeks black, shining ; anteunfe brownish-

black, arista brownish-yellow, sparsely pilose. Thorax on the dorsum

brownish-olivaceous, somewhat brassy on the sides ; in the middle form-

ing two rather broad stripes, inclosing a narrow black stripe that is

broadest beyond the suture
;
pleurae black with hunger whitish pile, the pile

of the dorsum rather short reddish-yellow ; scutellum reddish-brown.

Abdomen black, sub-metallic shining, with very short whitish pile, pos-

terior margins of second, third and fourth segments broadly Avhitish-yel-

low, the velvet}^ black occupies the whole of the middle of the second

segment, expanding narrowly outward in front of the whitish posterior

margin ; third segment has the velvety black confined to a triangle on the

antei'ior part, extending narrowly backward ; fourth segment with a

small spot in front. Legs black with white pile, tips of femora and basal

third of all the tibiae yellow. Wings hyaline with an indistinct brownish

spot. Long. corp. 10-12 mm. Three specimens. Massachusetts, July 3.

For some time I was inclined to consider this the female of what I

identify as E. Meigenu Wied.

VV.—Wings covered with minute pile, brown on anterior portion; thorax
often with yellow spots Pteroptila.

Pteroptila CRrciGERA <Wied.), Aus. Zwei. ii, 105, 2. Georgia!

Florida, Texas, Central America.

XI.

J J.—SmiU cross-vein at or beyond the middle of discal cell.

a-— .Vrisia dorsal.

;S.—Third longitudinal vein deeply sinuous.

yy.—Marginal cell open
;
posterior femora swollen.

TROC. AMER. PHILOS. SOC. XX. 113. 2o. PRINTED AUGUST 8, 1882.
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W.—Face carinate see XIII.
^fTW.— FacL- feuherculate, or rounded, not carinate.

X.—Face of male less tuberculate than in female, body uniformly
blaek, without markings.

Y.—Hind libiie of male with a strong projecting spine in middle.
Teuchocnemis.

YY.—Hind tibire of male without such spine *Pterallastes.

XX.—Face alike in both sexes, abdomen in male at least (except Mallota)
not uniform.

Z.—Hind coxie with spur, duller in the female, hind femora with tri-

angular protuberance, hind tibia' with terminal spur {r^ abdomen
mostly red, $ nearly black) Polydonta.

PoLYDONTA CURVIPES (Wicd.), Aus. Zwcl. ii, 149, 3. O. S. West.

Dipt., 338. New England ! California. The probabilit}- is that the species

somewhat doubtfully referred to this by Ostcn Sacken, 1. c, is the same.

ZZ.—Hind legs without such spurs or protuberances.

a.—Third joint of antenn;e broad, face concave below the anten-
na- (thorax not vittate, thickly pilose) abdomen without
bands Mallota.

^Mallota Sackeni, sp. nov.

Mallota postirata O. Sacken, West. Dipt., 338.

(^. Differs from 3f. (?) posticata of the Eastern States in a dark brown

spot on the wing, in the marginal cell being closed in the border, and

in the eyes of the male not being contiguous, otherwise quite like the

Eastern species.

Frontal triangle and face gray with yellow pile, broad facial stripe and

cheeks deep black, shining ; antenna- black, third joint more or less

brownish. Dorsum of thorax and pleurss with long dense yellow pile,

scutellum yellow, similarly pilose, abdomen deep shining black, nearly

bare, legs deep black, with black pile, middle and posterior tarsi brownish-

red, posterior femora very much thickened. Wings hyaline wMth a large

brown spot, reaching from the origin of the third vein to the small cross-

vein, the second longitudinal enters the costa at tip of the first, not at

some distance beyond, as in the specimens I have of the Eastern species.

Long. Corp. 14mm. Washington Territory. Two specimens.

aa.—Third joint ot antennae ovate, fiice excavated or not below the an-
tenna, thorax, or at least abdomen, with markings Helophilus.

«

Helophilus liATiFROxs Lw., Cent, iv, 73. Wyo. ! Northern States,

Nebraska, California.

Helophilus mexicanus Macq. (//. poJygrammus Lw. Cent. x. 55. See

also O. Sacken, Catalogue, Errata.) Apparently a very common species.

I have seventeen specimens from Washington Territory and California.

Helophilus,. sp. A small species from Wj'oming, apparently unde-

scribed.
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XII.

J J.—Smiill cross-vein at or beyond the middle of discal cell.

a.—Arista dorsal.

^5^5.—Third longitudinal vein gently curved.

d.—Arista featliery plumose.
£.—Marginal cell open.

b.—Thickly pilose ; abdomen without bands, short, thick, arched ; hind
femora strongly thickened, tibiic much bent ; face straight, extend-
ing back under the eyes, conical, pointed ; wings with a brown
spot *Arctophila.

*Arctophila flagkans O. S., West. Dipt., 335. Colorado Mountains.

bb.—Less pilose ; abdomen with bands ; hind femora slender ; face trun-

cate Sericomyia.

Sericomyia chalcopyga Lw., Cent, iii, 20. Washington Territory,

Mt. Hood, Oregon ! Sitka. A dozen specimen from the two former lo-

calities, I have no doubt belong here ; the male not described by Loew,
differs in having the third segment wholly opaque.

xiii.

J J.—Small cross-vein at or beyond the middle of discal cell.

a.—Arista dorsal.

fil3.—Third longitudinal vein gentlj^ curved.
££.—Arista bare or pubescent.

c.—iSIargiijal cell closed ; thorax with yellow markings ; abdomen fasci-

ate ; antennae short Milesia.
cc.—Marginal cell open.

d.—Long, slender, abdomen narrower toward the base (wings more
or less brownish) Ocyptamus (Bacha).

dd.—Abdomen never linear or club-shaped.
e.—Face distinctly carinate, convex or nearly perpendicular in

profile, hyperstoma not produced, eyes bare, hind femora
incrassate, with a triangular protubenince Tropidia.

Tropidta quadrata (Say). Compl. Wr. 1, 14 (Xi/loia). Washington
Terr., California, New England !

ee.—Face without a distinct median ridge or carina, or if somewhat
carinated, the hyperstoma produced.

f.— "All the femora strongly thickened and spinose below ; tarsi

crassate. Face tuberculate ; antennae short, third joint as long
as two preceding. Small cross-vein subnormal ; first posterior
cell acute at outer anterior angle, rounded on outer posterior
part, the section of vein at distal end of cell, sinuate. Body
proportionately short and broad, bare, with minute squama?."
Loew, Century v, 38. Small species *Lepidomyia.

ff.— All the femora not stronglj' thickened and spinose below. Mostly
large species. .

g.—Nearly bare species, e.specially on the abdomen, the pile

never long nor dense ; eyes bare.
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h.—Face descending but very little below the eyes, arched
» or subcarinate, never tuberculate.

y i.—Third segment of abdomen in male very much con-

tracted, cylindrical, the hind femora much swollen,

with bifid spine below at ll>e tip. Eyes very large,

face small Senogaster Macq., Hist. Xat. Dipt. 2.

Senogaster Comstocki, sp. nov.

(J-.
—Head globular, large, composed almost wholly of the eyes Avhich

meet in front for a short distance above the antenna', the vertical triangle

narrow, long ; a small but very distinct area of enlarged facets on each

side above the antennae. Frontal triangle and face small, the latter

arched, subcarinate, short, concave from antennae to tip, yellow with sil-

very gli.sten, and a brownish median stripe. Cheeks narrow, antennaj

reddish-yellow, first joint very short, second nearly equilaterally triangu-

lar, third joint oval, arista bare. Thorax black, with four narrow, but

conspicuous olivaceous stripes, the outer pair extending from the more

reddish, somewhat swollen humeri. Pleurae black, with a conspicuous

broad w-hite-dusted A-ertical patch ; scutellum black, yellow at the tip

;

abdomen brownish-black ; first segment as broad as thorax, nearly black,

yellow on the sides ; second segment elongate, scarcely half as wide be-

hind, with two silvery elongate spots ; third segment of the same length,

narrow, cylindrical, yellow in front ; fourth segment as long as preceding,

with the globular hypopygium forming a spheroidal mass. Legs yellow,

hind femora much swollen, arcuated, black, becoming red at the tip, be-

low at the end Avith slender process, and beyond a smaller tooth-like one,

hind tibiae arcuated with a triangular projection at the end, hind tarsi

brownish, wings nearly hyaline, third longitudinal vein gently curved.

Long. Corp. 12 mm., long. al. 8 mm., X. Y., Cornell University. Prof.

J. H. Comstock.

The present species is a very interesting addition to our fauna. Hitherto,

so far as I can learn, but one species is known. S. cxrulescens Mac, 1. c.

and Dipt. Exot. 11, 2, 72, Tab. 13, f. 3, from Guiana, South America. I

take much pleasure in dedicating it to Prof. Comstock, whose work in

Entomology is so favorably known.

ii, Hind femora more or less swollen with spines or bristles below, abdo-

men elongated, somewhat flattened, not contracted in the middle.

Thorax without distinct j'ellow markings.

j. Hind femora very much swollen ; small cross-vein at right ansrles

to longitudinal veins. Syritta.

SvKiTTA riPiENS Lluue. Meigen Zweifl. Ins. iii, 213. Europe. Com-

mon apparently over all of Xorth America.

jj.—Hind femora never remarkably swollen, hind cox* often with a

spinous process, small cross vein of wing always oblique.. .Xylota.

Xylota obscl-ra Lw., Cent, vi, 55. Mt. Hood, Oregon ; Wash. Terr.

Calif. 1 lied River of the Xorth. Specimens from the former localities
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agree so closely with Loew's description that I believe them to be the

same.

Xylota ejuncida Say. Compl. Wr. 1, 15 ; PI. 8, fig. 4. "Wash. Terr.,

Calif. ! New England. Xiimerous specimens from these localities re-

semble so closely the Eastern ones, that I scarcely doubt their identity.

The third joint of the tarsi varies from yellowish to quite black, and the

spine or tubercle of the hind coxse is quite distinct ; the antennsB vary

somewhat is color. Is X quadrimaculata Lw. really a distinct species ?

Observe the discrepancy between the diagnosis and description as regards

the male coxa?.

Xylota PiGRA (Fab.) Meigen. Oregon, "Wash. Terr., Calif. 1 Europe

and Xorth America. Common.

Xylota, sp. nov. Colorado.

Differs from <S'. hicolor Lw. in the presence of long coxal spines ; in all

the tarsi except the last two joints, the anterior and middle tibii?, and the

posterior tibiiE at base and tips being yellowish-red.

hh.—Face descending more or less below the eyes, often obtusely tubercu-

late. Thorax either with distinct spots or abdomen banded.
k.—The sixth vein beyond the junction of the posterior basal cross-

vein, extends forwards subpanillel to the border, the discal cell

rounded on its posterior angle, hind femora swollen (and with a
triangular protuberance below on outer part ; anterior part of
wings more or less clouded).

1.—Second joint of antenna;, elongate ; antennae about as long as

head Mixtemyia.

11.—Second joint of antennte not elongated, the antennte shorter than
head Spilomyia.

Spilomyia interrupta, sp. nov.

rj* 9.—Very closely allied to S. longicornis, but seems to show a constant

difierence in that the first, third and fifth cross-bands are distinctly though

narrowly interrupted, and that the last section of the sixth longitudinal

vein is distinctly shorter, scarcely more than half as long as the posterior

basal cross-vein. The posterior side of the hind femora are in some speci-

mens quite black. Washington Territory.

The generic diSerences between our species of Mixtemyia and Spilo-

myia are very trivial.

kk.—The last section of the sixth vein short, running directly into the
border of the wing, hind femora not swollen, nor with spines or pro-
jection below.

m.—Antennae inserted high up on a conical projection, front very
short, face much produced directly downwards, obtusely tubcrcu-
late, antennae shorter or longer than the head Sphecomyia.

Sphecomyia vittata (Wied.) O. S., Wied. Aus. Zwei., ii, 87, and 91

(Psarus ornatus). Eastern States ! Colorado.

*SPHEC0MYrA BREVicORxrs O. S., Wcst. Dipt., 341. California.
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SpHECOim^ Pattoxii, sp. nov.

rj* 9- Antennoe reddish-black, very short, joints nearly of the same

length ; the first cylindrical, the second sub-triangular, the third rounded,

reddish lielow ; arista reddish. Face golden yellow, with a black stripe

reaching from the antenna; to the oral margin, cheeks lilack ; front in

female black with a golden spot on each side. Thorax black, a large spot

on the pleurae and a smaller one under it, humeri and basal part of scutel-

lura yellow. Abdomen black ; first segment with a narrow posterior bor-

der, second segment with t>vo narrow yellow cross-bands ; the anterior

one near the middle of the segment broadly interrupted, the posterior

marginal one entire ; third and fourth segments similar, the middle cross-

bands successively a little wider and less broadly interrupted ; fifth seg-

ment nearly all yellow. Femora l)rownish-black at the base, becoming

reddish at the end, especially on the posterior pair. Anterior tibi«, except

the base and tarsi, quite black, middle and posterior tibise and tarsi, ex-

cept the last two joints, reddish-yellow. Wings tinged witii brownish

along the veins, hyaline in the middle of the cells. Long. corp. 13-14 mm.
Two specimens. Washington Territory.

This species is very like Sphecomyia brevtcornis O. S., but differs in the

antennae being still shorter, and the picture of the abdomen different.

mm.—Antennne short, situated low down, near the middle of head in pro-

file, the projection less prominent ; face not much produced, not

longer than the front Temnostoma.
gg.—Larger pilose species, the abdomen always with short, furry pile ;

dorsum of thorax never with yellow markings other than on the
humeri,
n.—Scutellum, margin and pleura of thorax with bristl_v hairs ; face

distinctly"tul)erculate ; femora slender; abdomen uniform me-
tallic, not banded Chrysochlamys.

The following table of the North American species I reproduce from

Osten Sacken (West. Dipt., 340), without change :

Arista black craesus.

Arista reddish.

Leg entirely reddish-yellow dives.

Anterior femora at base and tijis of all the tarsi black. . . .huccata.

All the femora brown ; tibijt likewise infuscated niriripea.

Chrysochlamys croesus O. Sacken. West. Dipt., 341. Washington

Terr., California ! Utah.

nn.—Thorax without any bristly hairs.

o.—Face short, not produced, extending but very little below the

eyes, shorter than the front, concave from antenna^ to tip,

not tuberculate, transversely arched, hind femora more or

less thickened.

p.—Abdomen elongate, hind femora with short spinous l)ristles

below Brachypalpus.
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BiiAcriYPALPus PtTi.cnER Wlstn. Can. Entomolo2:ist, vol. xiv, p. 78.

Oregon, Washington Terr. Readily recognized bj^ the abdominal segments

being broadly banded and bordered ])ehind ])y brilliant brassy or bronze,

the fourth segment in the male wholly so. The first segment in the

male with a narrow posterior border extending across from its side

spots.

pp.—Abdomen very broad, thorax densely pilose, very large species

Hadromyia Wlstn, 1. c.

Hadromyia oraxdis Wlstn., 1. c. Washington Terr. The present

species is the largest Syrphid of which I have any knowledge ; it measures

nearly an inch in length by a third of an inch in width across the abdo-

men.

oo.—Face produced, longer than the front.

q.—Face produced forwards, pointed, concave from antenna; to tip, not
tuberculate, subcarinate, eyes of male contiguous or nearly so in

front of ocellar tubercle, hind femora thickened, usually with
bristly points below, abdomen without yellow markings. Crioprora.

A.—Dorsum of thorax beset with thick or yellowish or yellowish-rufous

pile, on the pleura black ; wings with brownish clouds along the

veins.

a.—Front in female broad, beset with yellow pile *alopex O.S.

b.—Front in female narrow, beset with black \)i\e..femorata, sp. nov.

B.—Dorsum of thorax beset with long grayish or whitish pile, above on

pleurifi yellowish-white, abdomen dark bluish-metallic (in the male

with black opaque second segment, and a black opaque cross-l)and on

c cyanellu O. S.

\ *cyano(jaster Lw.

I have never seen a specimen of cyanogaster ; it is probably distinct

from cyanella, although the description applies quite well to my female

cyanella. A comparison is needed of specimens from the Atlantic and

Pacific States in order to make the description of Loew's species more
complete.

*Crioprora ALOPEX O. S., Wcst Dipt., 338 (Pocota). California.

Crioprora CYANELLA O. S., 1. c, 339. California. Osten Sacken's

description, as usual, is quite accurate.

Crioprora femorata, sp. nov.

(^9- Everywhere deep shining black. Front in female narrower

than in cyanella, with black pile, eyes in male less contiguous than in

cyanella; the face a little less produced and more obtusely pointed. An-
tennae reddish-brown, arista yellow. Thorax and scutellum with rather

abundant yellow pile, black on the pleurs. Abdomen with a brassy re-

flection, black pilose, intermingled with longer yellow on the sides of the

second segment. Legs wholly black pilose, the anterior tiliiae and tarsi with

golden pubescence. Hind femora in the male much thickened in the male

and bent with a row ofshort spinous tubercles below, posterior coxte obtusely

third)

.
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tuberculate, and tibia? in lower third stronsily hent ; in female the femora

and tibitv not ftent, the former swollen but the tubercles indistinct. AVings

with brown clouds along the vein and a very dark spot near the tip of

auxiliary, the inner portion of the cells hyaline. Long. corp. 15-16 mm.
Washington Territory.

pp.—Face, not evenly concave, tuberculate ; hind femora slender.

g.—Face produced downwards and forwards, proboscis long ; eyes of
male well separated, abdomen uniformlv black, short, broad

Eurhinamallota Big.

Bui. Soc. Ent. Fr. Apr. 1882, No. 6, p. 78, Brachymyia Williston, Can.

Entomologist, Vol. xiv, p. 70, May, 1882.

EuRHiNAMALLOTiv LUPINA, Wlstn., 1. c. California.

Etjrhixamai.lota nigripes Wlstn., 1. c. Xorthern and Southern Cali-

fornia. I know this species onlj' in the female ; should the male's eyes

be found to be contiguous in front of the ocellar tubercle, I know of no

other character to separate it from Eriophora, Phillipi Ver. Zool. Bot.

Gesells. Wien., 15, 735, 1865, pi. 26, fig. 36.

qq.—Face produced directly downward, more or less arched or tubercu-

late in the lower part.

r.—Eyes of male separated by the ocellar tubercle. Antennal promi-
nence very conical, abdomen with 3-4 pairs of large oval, ohliiiue

yellow side spots Somula decora.

rr.—Eyes of male more or less contiguous in front of the ocelli : anten-

nal prominence conical Criorrhina.

Table of species.

a.—Abdomen wholly black *armilata.

b.—Three basal segments and base of fourth black, remainder yellow. . .

.

analis.

c.—Second segment with triangular lateral spots ; in female the anterior

margins of third and fourth in the sides with yellow spots ; humeri

yellow humerulis, sp. noT.

d.—Second segment with an interrupted cross-band, third and fourth with

entire cross-band, attenuated in the middle behind and on the sides.

.

scitula, sp. nov.

Criorrhixa nuJiERALis, sp. nov.

r^ 9-—Face yellow, shining with a semi-translucency ; cheeks black
;

front in female on upper half, black ; Avhitish pollinose on the sides below

the vertex, frontal triangle in male like the fiice ; antennse yellow, some-

what infuscated on the first two joints and on upper part of third ; thorax

black, with short thin yellow pile ; scutellum black, the edge lateous
;

abdomen black, with recumbent, not abundant yellow pile ; second seg-

ment with triangular j-ellow spots, in the female the third and fourth,

with rectangular yellow spots on the anterior margins, fifth mostly yellow

except a narrow median line and the tip ; legs yellow, front and middle,

and a ring on distal part of posterior femora, posterior tibiae in middle,
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posterior metatarsi, and three last joints of all the tarsi brown ; wings
hyaline. Long. corp. 10-11 mm. Two specimens. Washington Terri-

tory.

I suspect that the male may also show in some degree the a])dominal

markings other than the spots on second segment, and that the coloration

of the legs maj^ be A'ariable.

Criorrhina scitula, sp. nov.

(J*$. Face j'ellow, in profile with a well marked obtuse tubercle
;

cheeks black ; front in female black on upper three-fourths, with grayish-

red club and short black pile ; frontal triangle in male yellow ; eyes con-

tiguous for a longer distance than in analk, the antennal protuberance not

so great. Antennaj yellowish-])rown or blackish-brown, the second joint

sometimes j^elloAv with black above, third joint always of a lighter color

below ; thorax black, shining, dorsum with blackish pile, yellowish on the

Ijorders ; humeri yellow with smaller confluent yellow pleural spots
;

mesopleurse gray pilose and pollinose ; scutellum black, the edge sometimes

narrowly luteous ; abdomen black ; second segment with two large j-ellow

spots rather narrowly separated, with rounded heads and narrowed
toward the margins ; third segment with a yellow cross-band on the

anterior margin, doubly convex behind, the greatest convexity being

toward the middle, with sharp median angular incision, and attenuated

nearly to a point on the sides of the abdomen ; fourth segment similar in

female, in male wholly black or with triangular spots on anterior margin
and reddish behind ; hypopygium red or yellow. Anterior coxae w'hite

pollinose in front, femora black except the extreme tips, anterior and
middle tibiae and metatarsi, yellow or reddish-yellow

; posterior tibiae

yellow at the base and tip ; terminal joints of anterior and middle tarsi

black
;
posterior tarsi fuscous or black ; wings nearly hyaline, rather more

clouded toward the front. Long. corp. 11-13 mm. Eight specimens.

Washington Territory, Oregon.

This sjjecies has the face in profile similar to that of Milesia notata

Wied. ("Genus novum" O. S. Catalog, p. 138) as figured by Mac-
quart.

XIV.

J J.—Small cross-vein bej'ond the middle of discal cell, oblique.

ao.-—Antennae with a subterminal bristle or terminal style.

s.—Third joint of antennae produced above into a long conical process,
inclined forward and terminating in the thickened arista ; abdomen
oval black, with three interrupted metallic cross-bands ; third longi-
tudinal-vein straight Merapioidus Bigot.

Merapioidus villosus Bigot., Bui. Soc. Ent. Fr. 1879, p. 64. Georgia !

Bs,—Antennae longer than the head, second and third joints swollen,
terminating in a short thickened style ; third longitudinal vein
strong!}" angulated, emitting a stump of a vein into the first posterior
cell Ceria.

PliOC. AMER. PHILOS. SOC. XX. 112. 3p. PRINTED AUGUST 14, 1882.
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Table of sp^ecies :

a.—Antcnnal projection of the front very short ; first joint of autenme
nearly as long as last two tojrcther * sirj/iifern.

—Aiitennal projection nearly as long as first joint of antenna-, the

latter scarcely longer than the seconil joint,

u.—Second, third anil fourth segments of abdomen each Avith two
yellow spots and posterior margin * jrictuUi.

—Abdomen without such spots, banded.

c.—Second segment of abdomen much shorter than the third
;

front of female black with yellow spots ahhreviata.

—Second segment of abdomen nearly as long as third ; front

of female yellow below, black above tridens.

Ceria trtdexs Lw., Cent, x, 57. Loew's description applies verj'

well to a single male specimen from Southern California, except that the

cheeks are Avholly black, and the hind tarsi yellow at the ^ase. Other

specimens from Washington Territory, however, that are apparently of

the same species, have the anterior and middle femora black, except the

extreme tips, the posterior black, except at the base, the tibiae fuscous

near the outer ends, one of the pleural spots and the supra-alar vittula

entirely wanting. The female differs in the front being black on the upper

two-thirds ; the second and third segments of the abdomen strongly

marked with whitish pollen, and the legs almost wholly yellow, the

anterior femora being blackish in front, the posterior lightly fuscous

near the tip. A female abbreeiata taken with a male at New Haven, has

its legs yellow also with fuscous markings of the femora ; the front is

black with four small yellow spots.

Stated Meeting^ June 16, 1882.

Present, 4 members.

Presid-ent, Mr. Fraley, in tlie Chair.

A letter accepting membership was received from C, E.

Eawlins, dated Rockmount, Ramhill, England, May 12, 1882.

Mr. P. H. Law accepted his appointment to prepare an

obituary' notice of the late Mr. Vaux, by letter dated May 23,

1882.

A request for exchanges (to be dated back at least to 1875)

was received from the Societe Zoologique de France, No. 7

Rue des Grands Augustins, Paris, in a letter dated May 27, and

signed II. Pierson, Sec. Adjt. On motion the Librarian was

I
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directed to send full sets of Proceedings and Transactions to

the Society.

A request for exchanges was received from the Leander

McCormick Observatory of the University of Virginia. Action

postponed.

A letter of envoy was received from Dr. B. A. Gould, Cor-

dova.

Letters of acknowledgment were received from the Public

Library of N. Bedford (110) ; the E. Institution, London (109),

and the "Wyoming Historical and Geological Society (75, 77,

88, 99).

Donations for the Library were received from the Mining

Surveyors at Melbourne ; Prague Observatory; Dr. A. Tischner,

Leipsig; Dr. G. D. E. Weyer in Kiel; Turin Academ}^;

Academia dei Lincei ; Geographical Societies in Paris and

Bordeaux
; London Astronomical Society ; Loudon Nature

;

British Topographical Society ; Mr. Chas. Edward Rawlins, Jr.

;

R. Geological Society of Cornwall ; Boston Natural History

Society ; Middlesex Institute
;
American Journal of Science

;

American Museum of Nat. History; Chas. W. Shields, D.D.;

Buffalo Young Men's Association; New Jersey Historical

Society; Philadelphia Academy Natural Sciences; Zooloo;ical

Society ; Engineers' Club ; Journal of Pharmacy
;
Mr. H. C.

Lewis; American Pharm. Association; Penna. Magazine;

American Chemical Journal ; American Journal of Mathe-

matics ; Peabody Institute ; U. S. National Museum ; Fish

Commission ; G. M. Wheeler (U. S. Geographical Surveys)

;

University of Virginia ; Missouri Historical Society; Miaisterio

de Fomento ; Revista Mexicana ; Observatory at Cordova

(B. A. Gould) ; American Philosophical Association.

The death of W. B. Rogers, at Boston, May 30, aged 77, was

reported by the Secretarj^ ; and Dr. R. E. Rogers was ap-

pointed to prepare an obituary notice of the deceased.

The following communications were made :

" Revision of the Dermestidas of the United States," by
Horace F. Jayne, M.D., with -i plates.



Eddy.] 004: [June 16.

" Kadiant;Heat an Exception to the Second Law of Thermo-

dynamics ;" by H. T. Edd}', Pli.D., University of Cincinnati.

Pending nominations Nos. 959, 9G0, 901, and new nominations

]S[os. 962, 963 were read.

C. G. Ames was appointed by the President in the pLace

of the Late S. W. Roberts p,s a member of the Committee on

the Hall.

And the meeting was adjourned.

Badiant Heat an Exception to the Second Law of Thermodynamics.

By H. T. Eddy, Ph.D., University of Cincinnati.

{Read before the American Philosophical Society, June 16, 1882.)

Since the radiation of beat takes places by propagation through space

at a certain finite velocity and not instantaneously, it is quite possible for

occurrences to intervene during the exchange of radiations between two

bodies such as to essentially change the distribution of heat which would

otherwise have ultimately taken place.

To make this evident, let us employ first a mechanical analogy. In the

accompanying figure, let there be three parallel screens, a, h and c, the latter

between the two former and all three perpendicular to the plane of the

paper. Let them be pierced respectively by series of equidistant apertures

a, fflj . . . a^, ij b.^ . . . 6„, c, C2 . . . c„, situated in the plane of the paper,

and let these apertures be so placed that a, Jj Cj are upon one straight line,

not quite at right angles to the screens ; then are a^ b^ c^, etc., and a„ 6„c„

upon lines parallel to aj &i Cp Now conceive the screens a 6 c to have

a common uniform velocity u in the direction from the Cj to Cy

Also let a series of projectiles be discharged from any fixed position A
at the left of the screen a at such instants as to pass the first one through

the aperture a,, the second through a.^, etc., and let the direction of dis-

charge be perpendicular to the screens, and the velocity v such that

each one shall just reach the screen b in time to pass through the first

aperture of that screen which crosses its path. Then would the screens

a & c in no way interfere with the passage of these projectiles. Let us

denote the space at the left of a as the space A, and that at the right of b

as the space B. Then if there be a continuous discharge of projectiles from

all points of the space B, only a part of them can pass through the aper-

tures of «. Such however as succeed in passing a will pass b and c also.

Again, let a second discharge of projectiles take place from the space B
but directed toward the left perpendicularly to the screens, so that these

projectiles move in a precisely opposite direction from those first mention-
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eel. Let the projectiles from 5 have the common velocity ®'. Such of these

projectiles as succeed in passing through the apertures of b will impinge on

c at points between its apertures, in case c be placed at a proper distance

from b. Let the surfiice of c which faces b be perfectly reflecting, and let

the parts between its apertures be either concave or a series of inclined

A 2r:::::::::;=J;=;;=dl5

I
I

a

I"- h

I
I

planes so directed that each of the projectiles on rebounding will pass back
through one of the apertures in b. When the velocity v' of the projectiles

is large compared with that of the screens u, the projectiles can be made
to return through b very nearly perpendicularly, either by returning each

projectile through that aperture from which it started or through some
following one.
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The paths of the projectiles relative to the screens can be readily found

by impressing upon the projectiles, in addition to their velocities v or «', a

velocity — ii, numerically equal and opposed to that of the screens, while

the screens themselves are at rest. The composition of these velocities

"will give the required relative velocity.

In order to apply the mechanical analogy just considered to the case in

hand, let us replace the supposed projectiles by radiations which emanate

from warm bodies situated in the spaces A and B, and let the only radia-

tions at first considered be those in a direction perpendicular to the

screens.

It is then evident that with such series of apertures as are represented in

the figure the screens a b c could be given such a •'clocity u, as accompa-

nied by reflections from c would transfer radiations from the body A to B
unaccompanied by a compensating transfer from B to A, and thus the body

B would be heated at the expense of A. Even if radiations at the aper-

tures in a and b be not confined to rays perpendicular to the screens, but

take place instead in the manner usual at plane surfaces, it is still evident

that the usual interchange of radiations has been effectively interfered

with, and that the body B Avould be heated at the expense of A. In case

the radiations from the body B are reflected back through the same aper-

tures from which they started, it is quite unnecessaiy to have the series of

apertures in the screen a at equal distances. It is only necessary that the

series of apertures in b and c correspond to that in a. Indeed each aper-

ture in b can be conceived to be completely surrounded by a concave semi-

cylindrical reflector attached to c, of such a form as to return to b all radia-

tions from it when moving with the velocity u. This can certainly be

effected if the apertures in b are mere points and can be closely approxi-

mated to when they are small. Now, if there be in this cylinder a proper

aperture for the admission of the normal radiations from A through a, it

is evident that the radiations passing through this aperture from B, being

oblique, are, when the bodies are of equal temperature, less than tliose of

A passing through the same aperture, accordingtto the well known law of

radiations, that the intensity is proportional to the cosine of the angle be-

tween the raj-^ and the normal to the radiating surface. It is seen that with

sufficiently large value of m, it would be possible to overcome any differ-

ence of temperature however great.

In order to form an estimate of the amount by which the radia-

tion from AtoB exceeds that escaping from B through c, let us suppose

that the temperature of A and B are equal and that the velocity v of the

radiations, from both A and B is the same, and further, let the screen c be

midway between a and i at a distance p from each. Let the problem be

to compute the ratio between the radiations which pass through a given

aperture, as c,, from a, and from &, respectively, on the supposition that

the heat radiates from the equal apertures a^ and ij as from plane surfaces

in the usual manner.
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Suppose that the linear dimensions of the apertures are infinitesimal

compared with p, and let the letters a^ 6, r^ considered as numerical magni-

tudes designate the- areas of the apertures c/, 6j Cj respectively. Let be

the angle between a ray and the normal to the surface from which it radi-

ates. Let a sphere of radius p be supposed to be described about some
point of &! as a center, and let s be the area of that part of its surface in-

cluded Avithin the cone of rays passing from the center to the periphery

of the aperture c^ ;

then -^1=;}, cos (1)

in which r is the distance passed over by the ray from h^ to Cj.

Also p=^r cos (2)

therefore s^:=Ci cos^ (3)

Now the heafradiated from \ is directly proportional to the area &„ to

the area s and to cos 0, but inversely proportional to p''
; hence

Mcos0=^cos*^ (4)pa pi

is proportional to the heat radiated from &i through c^.

Similarly .^
(o)

is proportional to the heat radiated from a-^ through c, since it passes c nor-

mally. Now the heat passing from \ to Cy must evidently move in a di-

rection to overtake the aperture c,, and to do this it must evidently take a

direction such that U is defined by the equation

. tan^ = ^-, or cos^ 6—-
,

*",
„ (6)

Hence by comparing expressions (4) and (5), and substituting from (6) it

appears that the heat radiated from a^ through c^ is greater than that radi-

ated by an equal surface h^ through r^, in the ratio of (i-^ -f '^u^)''' to «*, in

case the temperatures of a^ and h^ are equal. If the temperature of «j were

lower than that of h^^ this ratio would be diminished ; but by increasing u,

Uie ratio can still be made to exceed unity, thus confirming the observa-

tions previously made. Neither is it essential that the radiations all take

place at the same velocity. The reflectors can be arranged for some one

velocity and they will then send back the radiations to B which have that

velocity.

Perhaps the most simple ideal arrangement for effecting the proposed

interference with the radiation naturally taking place between two bodies,

is to suppose the apertures distributed around the circumference of equal

circles upon three parallel disks fixed upon a common central axis, so that

the plane of the paper in the figure becomes the surface of a circular cylin-

der, in which case the required velocity « can be given to the apertures by

simple rotation. Let us, for brevity, call such an arrangement a radiation

syren, or simply a syren, as it slightly resembles in its mechanical details

the acoustic instrument called by that name.
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Now, theoretically, no expenditure of energy is necessarry to preserve

the unitbriu Velocity of the moving parts of this syren, ami once started

with a siilliciently high velocity of I'otation and proper- adjustment of re-

flectors it would transfer heat from the body A to B regardless of their

temperatures, provided no radiations are permitted except those perpen-

dicular to the disks, excluding of course all radiations to and from all

bodies other than A and B. It would also, as before shown, transfer heat

from a colder body to a hotter, even though the radiation follow the

general law of radiations from plane surfaces.

It is needless to state that the action of the syren, regarded as a pos-

sible physical process, is directly at variance with the hitherto accepted

axioms and conclusions respecting the second law of thermodynamics.

It is true, we should at first thought be inclined to the belief that the

laws of heat should suiter some modification, in case we assume diflering

rates of propagation not infinite, but we should hardly be prepared to ad-

mit the startling conclusions which must flow from such modification,

if the physical process just sketched be admitted to be valid, and these I

shall now proceed to develop.

I think it may be readily perceived that the axiom of Clausius, upon

which he founds the second law, viz. : that "heat cannot of itself pass

from a colder into a hotter body," when applied to radiations, implicitly

assumes that the heat is radiated with infinite velocity, for it takes no ac-

count of the states of relative rest or motion of the bodies between which

heat passes.

The axiom of Thomson, "it is impossible, by means of inanimate ma-

terial agency, to derive mechanical eflect from any portion of matter by
cooling it below the temperature of the coldest of surrounding objects,"

is obnoxious to the same criticism, and, as I have stated elsewhere,* these

should not lie called axioms at all, since we are not in a position to bring suf-

ficient experience to bear upon them to affirm their validity or want of

validity. Indeed, if the process of the s^-ren be admitted to be possible,

we are now in a position to assert that there exists an unexplained con-

tradiction, which does not permit us to consider them as applicable to

radiations of heat propagated at finite velocities.

What, it seems to me, the just quoted statements of Clausius and
Thomson really asserted, Avas the historical fact, that at the date when
they were made, no one had as yet invented an}' machine, or discovered

any principle on which it was possible to construct a machine, which could

successfully accomplisii what these said had not been done ; and it was
further implied that no such machine could probably ever be invented nor
any such principle discovered.

In complete accord with this statement is that of Kirchhofl[, made in his

lectures upon the Theory of Heat, during the summer semester of 1880, in

which he said, if correctly reported, that the second law cannot be (at

»Theniioaynainics, New York, 1879.
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present) proved, but it, so far, has never been found in disagreement with

exi)erience.

It is well known that Maxwell has proposed a process to accomplish this

very object, namely to transfer heat from a colder to a hotter body, in the

following manner : If we suppose minute beings, endowed with senses

sufhciently acute and having a corresponding agility, to guard minute

openings in the diaphragm separating two portions of the same gas,

which openings are only large enough for a single molecule to pass at

once, they would be able without expenditure of energy to open and close

the openings in such a way as to allow each molecule impinging at an

opening to pass through or not, as thej'- should choose. If they permitted

only those molecules having more than the mean vis viva to pass in one

direction and only those having less than the mean to pass in the opposite

direction, then the gas on one side of the diaphragm would gain energy

at the expense of that on the other side. That this process is actually at

present beyond human ability does not show that we may not at some

future time be able to accomplish what Maxwell proposed. If this be

admitted, then the conclusions which I shall draw later from lack of gen-

erality in the second law of thermodynamics flow to a limited extent from

the possibility of this process.

But Maxwell's process assumes the kinetic theory of gases as its basis,

and stands or falls with it.

And if the second law is a necessary ultimate mechanical principle,

. holding for all bodies great and small, the above consequence of the

kinetic theory of gases being in contradiction to the second law is fatal to

the validity of the kinetic theory. But I do not now so regard the second

law. I am compelled to regard it as merely an approximation in the case

of radiations, and to regard it in general, with Maxwell and with Boltz-

mann,* as merely the mean result flowing from the laws of probability ;

though it had previously seemed to me possible to show it to depend upon
fundamental considerations respecting the nature of heat as a form of

energy, as was stated in my work previously referred to.

To avert to the consequences which are thus made to flow from the es-

tablished fact of the finite velocity of radiant heat, we may mention that

if the law of the dissipation of energy is no longer to be regarded as of

universal validity, it being obviated by the process of the syren, it is just

as possible to avail ourselves of the heat stored in cold bodies as in hot

ones, and thus to employ the heat of a glacier to drive a steam engine, or

to perform other like feats heretofore regarded as impossibilities. When
I say it is just as possible, I do not imply that it is now just as practicable,

or perhaps ever will be so.

That these observations are just, is seen w^ien we reflect that the pro-

cess of the syren simply heats a given body at the expense of any other,

regardless of temperatures, by a method requiring the expenditure of no

*Weir. Sitzb. Band. Ixxvi, Ixxviii.

PROC. AMEK. I'HILOS. SOC. XX. 112. 2ci. PRINTED AUGUST 14, 1882.



Eddy.] <^^" [Tune 10,

energy.- It tliiis appears that it is possible to avail ourselves of the heat

existing in bodies below the lowest thermometric levels of surrounding

objects.

It may be objected that the syren renders a perpetual motion a possi-

bilitj'. That depends upon the definition of perpetual motion which we
adopt. lu the popular acceptation of that term, the process of the syren,

as well as that of Maxwell, would make something near that possible.

But when correctly viewed, the process of the syren does not imply the

possibility of a perpetual motion, any more than does combustion or using

the available energy of any chemical process.

It simply proposes to employ the finite amount of energy, existing in a

given bod}' in the form of heat, in a given way. It is admitted by all,

that this heat could, a part of it, be made to do work by parting with some of

it to a cooler body. The question is, whether this last part which has been

imparted to the cooler body can be restored or transferred to the warmer

body again without the expenditure of energy. Rankine evidently believed

such a transfer possible, for in a paper on the "Reconcentration of the

Mechanical Energy of the Universe,"* he has supposed it possible to re-

flect radiations in such a way as to give the universe such difierences of

temperature as to ensure it a new lease of life. Clausius, in his admirable

paper on the "Concentration of Rays of Light and Heat, "f has shown the

general impossibility of such a reconcentration as Rankine supposed, when

the radiating bodies are at rest ; nevertheless, no such impossil)ility may
finally appear in case of the actual universe, which is a system of moving

bodies.

The law of tlie dissipation of energy has been applied to the universe at

large, and if the consequences which have been drawn from its supposed

validity are to be regarded as no longer expressing a necessary law, then

Vfe are led to affirm that without change in the laws of nature as at

present known to us, it is possible for increasing differences of tempera-

ture to be caused without the expenditure of energy, however improbable

the supposition may be that such is the fact, and however improbable it

may be that such differences are actually being caused on a scale sufiicient

to interfere in any practical way with the progress of the dissipation of

energy as affirmed by Thomson, or check the increase of the entropy of

the universe as stated by Clausius.

Still, it may be remarked, that a large part of the exchange of heat in

the universe takes place in the radiant form ; and it seems to me that it

remains to be proved what the fact actually is, and consequently I must

regard it as still an open question as to whether, on the whole, the available

energy of the universe is being dissipated and its entropy increased or not.

Lest the foregoing remarks should be construed as in any sense under-

valuing the splendid discoveries of Clausius, Thomson and Rankine in the

»Phil. Mag., Scries Iv, \nl. iv.

tMeeh. Th. of Heat, Chapter .\ii.
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-domain of tliermocljmamics, let me disclaim such an interpretation en-

tirely, and say that my only wish is to add, if possible, to the exactness and

completeness of those theories, which are among the most important of

modern physics.

Cincinnati, April 22d, 1882.

[Note.—Professor Willard Gibhs has suggested to me that we are not

at liberty to assume that reflections or radiations taking place at moving

surfoces, follow the same laws as from surfaces at rest ; and that a perfect

reflector moving in a medium through which luminous waves are being

propagated, may suffer a resistance which would require the expenditure

of as much energy as could be obtained by the proposed process.

Admitting for the moment the justness of these observations respecting

reflections and radiations from moving surfaces, I shall hope to show in

the first place that the syren may be so adjusted that no such resistance

need be encountered, and in the second place that it is possible so to

modify the syren that no reflections or radiations need take place from

moving surfaces.

In the discussion of the first point, let us consider the case of a ray

falling perpendicularly upon a perfect reflector. The only numerical

magnitudes susceptible of variation in this radiation are its wave length

and amplitude, the velocity being assumed constant and dependent upon

the elasticity of the medium. When the reflector moves in its own plane

at right angles to the ray, it cannot, apparently, be seriously urged that

the reflected ray will have either its wave length or its amplitude changed

by the reflection. For, so far as can be seen, the wave length would suf-

fer a change and be shortened only by giving the reflector a motion

towards the approaching ray, thus crowding the waves together. Neither

would the amplitude be changed, for to do this would require the moving

plane to impart tangential impulses to the ether such as can be com-

pounded with the transverse motions already existing. If such be the

tangential action of the moving plane on the ether, we should be led to

the apparently inadmissable result, that since a moving plane may impart

tangential impulses to the lumniferous ether, a disk rotating with suf-

ficient velocity in vacuo would become self-luminous. It would seem

but reasonable in our present imperfect knowledge of the subject to con-

clude that the only' resistance which a perfect reflector experiences, while

moving against a ray, is normal to its surface, and to be represented bj^ a

normal pressure. Even if this view be not regarded as entirely correct,

it may nevertheless be confidently affirmed that the tangential must be

small compared with the normal resistance, just as the fractional resist-

ance of a gas is small compared with that arising from direct pressure

upon a body moving through it. Ilence, it is seen, that in spite of friction

it is possible to make a ray turn a mill whose vanes are perfect reflectors

in the same manner as the wind turns a windmill ; and the energy ex-

pended will in that case be withdrawn from the ray itself.
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Now the rotatins; screen c of the syren mav be regarded as such a mill,

the surfaces <rf whose vanes may be so inclined as to return radiations

coming from B partly to apertures in front of those from which they

emanated and partly to those behind, so as to exert no force either to

accelerate or retard c.

Should, however, energy be expended in moving c against the reflected

ray, this energy must exist immediately after the reflection in the reflected

raj' and be transmitted by it to B, Hence we are led to the following

remarkable result :—on the hypothesis that radiations cause pressure at

surfaces at w^hich they suffer total reflection, a part of the energy of the

nxdiation may be expended in moving the reflector against a resistance

while the remainder is all reflected to the body from which it emanated.

It is to be noticed that this process of the reflectinf/ mill or mill as it may
be called for brevity, is, if possible, in more pronounced and unequivocal

contradiction to the second law than that of the syren.

For the latter calls in question the accepted law of mutual exchanges

and the second law as depending upon it, but the former applies to a single

body alone as B, and a moving reflector. For example, let B have no

radiations except those through the apertures b, then if that part of its

radiations which are not expended in turning c are returned to it, it is

possible for the mill c to be turned by radiations from B until the energy

of B is all expended in performing work, thus withdrawing all heat from

B while no heat has been transferred to any other body in the manner

required by the second law, and this regardless of the temperature of

surrounding objects. It therefore seems to me that the supposition of a

pressure at reflecting surfaces is more directly opposed to the second law

than that of no pressures.

In regard to the second point mentioned, it seems quite possible to con-

struct a syren such that the reflections in it shall all take place from

stationary surfaces, or from those whose velocity difiers from zero by less

than any assigna1)le quantity. For let the mean velocity u of the screens

be the same as before, but not continbous. Instead, let it consist of sud-

den steps forward, each of which is half the width of an aperture. The
possibility of a mechanical arrangement which could effect this motion^

without expenditure of energy, with the aid of perfect springs, fly-wheels,

detents, etc., to any required degree of approximation will, I think, be ad-

mitted, certainly by any one who can admit that Maxwell's "sorting

demon" expends no energy in opening and closing apertures.

It will be seen that the reflections all take place from screens at rest (or

nearly so) in this modified syren, and that the same transmissions occur

through its apertures as have heretofore been supposed to take place.

I am not inclined, however, to insist on the special kind of apparatus

which I have proposed for rendering sensible the phenomenon which I

believe to exist during the time in which the radiations are in process of

becoming established, as contemplated in the ordinary law of thermal ex-
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changes. Tlie point to wliicli I would ompliaticall}^ direct attention is

that since radiations are known to be moving in space apart Irom ponder-

a])le bodies and subject to reflections, it is possible so to deal with them as

to completely alter their destination and successfully interfere with all

results flowing from Prevost's law of exchanges. It also seems to me
that the exactness of the second law of thermpdj'uaraics depends, as far as

radiations are concerned, upon that of this law of exchanges.

Cincinnati, May 18th, 1883. H. T. E. ]

Remsion of the Dermestid ce of the United States. By Horace F. Jayne, M. D.

( Withfour Plates.)

{Read before the American Philosophical Society, June IGth, 1S82.)

Many years have elapsed since the small family of Dermestidse, as rep-

resented in our fauna, has received careful study. The addition of new
genera and species, and the confusion existing among those already well

established, have suggested that a review of the entire field, in the light

of modern entomological progress, would be useful to the student. In

the following pages difierences of structure have been recognized, as far

as possible, as the only true and constant characters by which to separate

species. The arrangement of genera is, substantially, that already well

known, save only the necessaiy alterations incident to the introduction of

two new genera. The specific classification is, almost entirely, original.

Dr. LeConte, in addition to very many other favors, has kindly offered, in

my absence, to read the proof of the following pdges.

DERMESTIDiB.

Head variable in size, deflexed ; front variable in width, a single ocellus,

or simple lens, at middle, except in Byturus and Dermestes ; epistoma

usually very short, coriaceous, on the same plane as the front except in

Axinocerus, in which it is long and retracted ; labrum distinct, mandibles

short, simple, except in Byturus in which they are dentate, maxilla; with

the base exposed, with two lobes of variable form, palpi small, slender,

four-jointed ; mentum quadrate, usually corneous ; ligula simple, palpi

three-jointed. Eyes usually prominent—exceedingly in Byturus—mod-

erately coarsely granulated, rounded, entire, except in certain species of

Trogoderma, Anthrenus and Orphilus, where they are more or less deeply

emarginate in front.

Antennte inserted in front of the eyes, usually eleven-jointed, variable

in Anthrenus, nine-j(^nted in Dearthrus, ten-jointed in a foreign genus,

Hadrotoma ; terminated by a large clul), which is quite strongly serrate
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in Acolpus and Trogoderma ; made up, nsnalh', of three joints, of a vari-

able number of joints, however, in Periniegatoma, Acolpus, Trogoderma,

and Anthrenus, of two joints in Cr5'ptorliopalum and some foreign genera,

and of one, enormous, securiform joint in Axiuocerus.

Prothorax short, with side pieces not separate, excavated beneath for th^

reception of the antennae, except in Byturus, Attagenus, Dearthrus, Peri-

megatoma, Acolpus, and one foreign genus—Trinodes. In Anthrenus

the antennal fossje divide the anterior part of the lateral margin ; coxal ca-

vities large, transverse, closed behind by the mesosternum, except in By-

turus
;
prosternum prolonged behind and usually lobed in front.

Mesosternum narrow and entire in Byturus and Dermestes ; narrow

and emarginate in front, or entirely divided, in Dearthrus, Perimegatoma

and two foreign genera—Megatoma and Hadrotoma ; wide and entire in

Apsectus and Orphilus ; wide and deeply emarginate, or entirely divided in

the remaining genera ; metasternum short, rounded or truncate in front or

narrowly produced between the mesocoxte ; side pieces wide, except in

Byturus. Elytra covering the abdomen, not striate, except faintly in cer-

tain species of Dermestes. Sides more regularly oval in the females ; epi-

pleuraj not extendmg beyond. Abdomen with five free ventral seg-

ments.

Anterior coxae conicjil, prominent, with small trochanter ; middle coxa?

oval, oblique, excavated externally, with large trochantin—usually dis-

tant, approximated in Byturus, Dermestes, Attagenus, Dearthrus, Perime-

gatoma and two foreign genera—Megatoma and Hadrotoma. Posterior

coxfe slightly separated, transverse, not extending to the margins of the

body, except in Orphilus, dilated into a plate partly protecting the thighs.

This coxal plate shows a beautiful series of variations ; in Byturus it is

almost obsolete ; in Dermestes and Attagenus very long, narrow, obliquelj'

truncate externally ; covering only the basal half of the femur ; in genera

from Dearthrus to Apsectus, inclusive, it is moderately long and wide,

covering more than the basal half of the lemur, not obliquely truncate

externally, while in Orphilus it is short and wide, covering the anterior

part of the femur for its entire length,

Leo-s short, somewhat contractile, tibise with distinct stout spurs ; tarsi

five-jointed, pubescent, except in Byturus, where the second and third

joints are lobed beneath, first joint either short or long, equaling the

fifth, 2-3-4 always short, fifth always long, claws simple, except in

Byturus, in which they are dentate.

Two sub-families may be thus separated :

Tarsi with second and third joints lobed beneath,

claws strongly toothed at base, mandibles toothed.

Anterior coxal cavities closed behind by the pro-

sternum BYTURID2B.
Tarsi, claws, and mandibles simple. Anterior cox^

cavities completed behind by the mesosternum. . . DERMESTID^.
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SrB-FAAIIIA' I.

—

ByTURID/E.

BYTURUS, Latr.

Head very large, front as wide as long ; no frontal ocellus. Mandibles

furnished with several' teeth ; eyes very prominent, very large, coarsely

granulated, round, entire ; epistoma very short ; antennae 11-jointed, ter-

minated by a three-jointed club. Thorax nearly as long as wide, anteri-

orly more than half as wide as at the base, which is somewhat bisinuate,

disc convex ; sides flattened, especially posteriorh% arcuate ; hind angles

rounded. Scutellum large, quadrate. Elytra three times as long as

Avide ; sides sub-parallel, apical angles acute. Prosternum very short

and wide, not lobed in front, tip narrowly and sharply produced

;

continuous around and behind anterior coxae, enclosing them. Anterior

coxae prominent, slightly separated by the top of the prosternum. No
antennal fossae, spaces between prosternum and lateral margins broad,

slightly concave. JVIesosternum entire, broad and long, prolonged nar-

rowly behind between the middle coxae which are almost approximated.

Metasteruum short, side pieces wide (tig. 1).* Legs stout, femora attaining

sides, slightly grooved beneath for the reception of the tibiae, tibiae

stout, terminal spurs strong. First joint of tarsus triangular, 3-3 pro-

longed beneath into a membranous lobe, 4 small nearly concealed by 3,

5 as long as the four preceding together ; the terminal claws are armed

with a large basal tooth (fig. 3).

This genus, which is represented by two species—one from the Atlan-

tic district and one from the Pacific—differs greatly from all the rest of

genera in the family by the toothed mandibles, the absence of antennab

fossa^ ; the anterior coxal cavities completed behind by the prosternum ;

the exceedingly large entire mesosternum, the feebly developed posterior

coxal plates, the tarsus Avith second and third joints lobed beneath, and

by the strong tooth of the ungues. There can be no doubt as to the posi-

tion of this genus ; its affinities with the rest of the. Dermestidae are

marked. Erichson, however, placed it in the Melyridae, DuVal among his

Telmatophilidae and Crotch in the Nitidulidae. Redteubacher and Laeor-

daire assign it to the present family.

Our two species may be distinguished as follows :

—

Elytra uniformly light brown ; antennal club com-

pressed, second and third joints much wider than

long ; eyes very large aud prominent ; thorax

coarsely punctate , unicolor.

Elytra marked by three transverse black bands ; anten-

nal club elongate, second and third joints fully as

long as wide ; eyes smaller, less prominent ; thorax

finely punctate grisescens.

* The posterior coxtB are short and wide, hut do not attain the sides, the coxal

plates are very feebly developed, not covering the teinora (tig. 2).
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B. tinicolor Say. Elongate, moderately convex, light brown, clotlicd

with niodrrately long, semi-erect, yellow-cinereous pubescence ; elytra

uniformly light brown ; head coarsely punctate, sparsely pubescent

;

eyes very large and prominent, black ; antenna; nearly as long as the

thorax, 11-jointed ; first joint, large, round; second smaller ; 3-8 decreas-

ing gradually in size, wider than long ; 9-10 subequal ; 11 longer and

rounded at tip ; the last three joints forming a somewhat compressed club,

which equals one-third the entire length of the antenna; ; thorax brown,

coarsely and densely punctate, pubescence long, dense at sides ; scutellum

glabrous ; elytra uniformly brown, very coarsely and densely punctate,

covered witli moderately dense, long, semi-erect, yellow-cinereous hairs
;

body beneath also brown, pubescence short and recumbent ; legs testa-

ceous. (Figs. 1, 4.) Length 18 inches ; 4.5mm. Habitat, Atlantic region.

B. grisescens Lee, Elongate, moderately convex, brown, covered

with moderately dense, long, recumbent, yellowish-gray pubescence,

antenna;, legs, and abdomen rufo-tcstaceous ; elytra light brown marked

with three broad transverse bands of black ; head finely and sparsely

punctate ; eyes moderately large and prominent ; antennal club elongate,

second and third joints as long as wide ; thorax finely and densely punc-

tate ; elytra moderately coarsely and densely punctate, brown, marked

Avith three equally separated transverse black bands, of which the first is

the faintest, and directed obliquely backward and outward, the second

wider and darker, also directed backward and outward, ,but with a large

sutural light brown spot ; the third or apical band is distinct and

directed forward and outward (Figs. 5, 6).

Length 12 inches ; 3 mm. Habitat, California.

A smaller and darker species easily recognized by the characters

already given,

Sub-Family II.

—

Dekmestid.e (Genuini).

This sub-ftimily, which is distinguished by the characters already given,

is represented in our fauna by the following genera :

Xo frontal ocellus DERMESTES.
Frontal ocellus distinct.

Mesosternum narrow, middle coxse not wide-

ly separated.

Prosternum simple in front.

Antennae 11-jointed, mesosternum only

deeply sulcate anteriorly, posterior

coxal plate long, obliquely truncate

externally ATTAGENUS.
Antennfe 9-jointed, mesosternum narrow-

ly divided, posterior coxal plate short,

not obliquely truncate externally DEARTHUS.
Prosternum lobed in front PERIMEGATOMA.
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Mesosternum broad, emargiaate in front or

entirely divided, receiving the tip of the

prosternum, middle coxae widely sepa-

rated.

Mandibles and labrum not covered by the

prosternum.

No antennal fosssc . . .
.

, ACOLPUS.
Antennal fossa? distinct TROGODERMA.

Mandibles covered, labrum not covered by
the prosternum.

Antennal fossae under lateral margin of

thorax. Body pubescent.

Front rather flat, clypeus continuous

on the same plane. Antennal club

of at least two joints. CRYPTORHOPALUM.
Front convex between the eyes, clyptus

forming an angle with the front, re-

tracted. Antennal club of one

large, broadly securiform joint AXINOCERUS.
Antennal fossae dividing the anterior part

of the lateral margin of the thorax.

Body clothed with scales ANTHRENUS.
Mescsternum broad, entire. Middle coxae wide-

ly separated. Mouth parts covered by
sternum, prosternum truncate behind.

Posterior coxae not prominent, not reach-

ing the sides. Body covered with very

long, erect hair APSECTUS.
Mouth parts covered by anterior legs, pro-

sternum pointed behind. Posterior coxae

attain the sides. Body naked, shining.. ORPHILUS.

DERMESTES Linn.

The species grouped together in this genus are the largest and most

conspicuous of the entire family. They are all elongate in form, black,

more or less pubescent. The head is small and can be retracted within

the thorax ; the eyes large and, in all our species, entire. No frontal

ocellus. The antennae are 11-jointed, the last three joints being large,

prolonged on their outer side, and forming an irregular club (fig. 7), which

does not differ either in the species or sexes. The thorax in the first group

—including six species—is very convex in front, and the anterior portion

of the lateral margin cannot be seen from above, while in the second

group

—

pulcher, lardarius, cadaverinus and elongatvs—it is less convex,

the entire lateral marjrin being visible. The base is broadly lobed ; in the

first group, impressed with a median fovea, conspicuous in ma^moratus,

hardly apparent in fascintus; in the second group with two, widely sepa-

PROC. AMEE. PHILOS. SOC. XX. 112. 2r. PRINTED AUGUST 10, 1882.
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rated, basal pits, thus linking this genus, ami through it the entire family,

with the Myi'dojiluKjidoB. The thorax is either covered with mixed brown,

black and white pubescence, or is unifonu in coloring; mucoreus and vul-

pinus have a large median triangular naked space on the upper surface.

The scutellum is small, but distinctly visible. The elytra are elongate,

sides slightly rounded, except in dongatus, where they are sub-parallel

;

pubescence quite dense, except in pulcher and mucoreus. The prostcrnum

is very short, not lobed in front, prolonged behind into a short, acute

point, not reaching bej^ond the anterior coxa\ which are large and almost

contiguous. The antennal fossa?, moderately deep and well defined, are

situated transversely in the anterior half of the spaces between the pro-

sternum and lateral margins (fig. 8). The meso.sternum is entire, narrow

and short, not reaching beyond the middle of the meso-coxa?, which are

not Avidely separated, the metasternum being prolonged anteriorly to meet

it. The latter is short, the side pieces wide. The posterior cox* do not

attain the sides of the body, and the coxal plates are long and narrow,

covering the basal half of femora, obliquely truncate externally (fig. 9),

The abdomen is clothed with dense whitish pubescence (except in pulcher,

bicolor and cadacerinus), and then bears a row of black spots on each side,

except in sobrinus, which has two such series. The males have the third

and fourth ventral segments marked by a small median pit, from which

arises a bunch of- brown, erect hairs. The male of vulpinus however, has

onl}' the fourth segment so characterized. -The legs are stout, the femora,

in the species of the first group already referred to, annulated at middle

Avith white pubescence, but mucoreus has the basal half of thighs covered

with white hairs. The first four joints of the tarsi are equal, the fifth as

long as all the preceding taken together.

The species may be separated by means of the following table :

I. ]Males with third and fourth ventral segments each marked by a me-

dian pit from which arises a bunch of erect brown hairs.

Anterior portion of lateral margins of thorax not visible

from above. Base with median puncture.

Femora annulated with white pubescence, thorax entirely

pubescent.

Pubescence on upper surface variegated, a single series

of lateral black spots on abdomen.

Elytra with broad basal band of yellowish cinereous

pubescence mannoratus.

Elytra with broad sub-basal band of yellowish cine-

reous pubescence fasciatus.

Elytra marmorate

;

With yellowish cinereous and black pubescence.

Scutellum not conspicuously lighter murlnus.

"With dark bluish cinereous, ochre and black

pubescence. Scutellum conspicuously lighter... talpinus.
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Pubescence on upper surface uniform, two series of

lateral black spots on abdomen sobrinus.

Femora with basal half clothed with white hairs. Elytra

with broad basal rufous band, thorax with a large tri-

angular naked spot at middle mucoreiis.

Entire lateral margin of thorax visible from above. Base

Avith two punctures. Legs not annulated'.

Thorax and base of elytra red, covered with orange-red

pubescence pulcher.

Basal portion of elytra rufous, bearing yellow pubescence,

including three black spots lardarius.

Thorax and elytra uniform in color, very elongate, stria;

on elytra distinct, pubescence on abdomen cinereous,

no series of lateral black spots elongatus.

Not markedly elongate, strise on elytra very faint, pubes-

cence on abdomen white, and series of lateral black

spots cadaverinus.

II, ]\Iale with the fourth ventral segment marked hy a me-

dian pit. Anterior portion of lateral margins of thorax

not visible from above. Color above uniform. Thorax

with a large triangular naked spot at middle. One
series of lateral black spots on abdomen. Legs not dis-

tinctly annulated vulpinus.

D. marmoratus Say. Oblong, convex, black, quite densely pubescent.

Elytra black, mottled with ochre, black and cinereous pubescence, and

bearing a large sub-quadrate spot just behind the base of cinereous. Head

finely but densely punctate, pubescence semi-erect, dense, variegated,

brown, black and white. Antennae piceous, club fulvous. Thorax very

convex anteriorly, basal half of lateral margin visible from above, sides

suddenly narrowed at middle, finely and denselj^ punctate, a deep fovea in

middle of base, pubescence dense, variegated as on head, two lateral and

a median small triangular white spots. Scutellum covered with sparse

cinereous hairs. Elytra densely and finely punctate, faint striae near

apex, mottled with small transverse spots of fine recumbent brown, black

and cinereous pubescence. A large irregularly quadrilateral cinereous

spot on outer side just behind the base, the inner anterior angle of Avhich

is prolonged inward and forward to the scutellum. Body beneath black,

clothed with long dense white recumbent hairs. Abdomen with a row of

yellowish-black spots on either side. Last segment blacK, sparsel)'- covered

with fulvo-ciuereous pubescence. Legs covered with dull brownish hairs,

femora annulated at middle with white. Length .46 inch ; 11.5 mm.
(Fig. 10).

The largest species of the genus, and indeed of the entire family, which

is found in our fixuna. The large distinct basal, and the faint general

cinereous spots on tlie elytra, the convex thorax, annulated femora, black
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spots on abdomen are the characters upon which to rely for a correct

diagnosis. Dermestes mannerheimi Lee, appears to be only a variety in

which the basal elytral spots are shorter and more confluent, while the

transverse spots at middle and apex are wider and more distinct.

Occurs in the Western and Pacific States.

D. fasciatus Lee. Elongate, black, convex, quite denselj' clothed with

black and cinereous pubescence. Elytra with a moderately broad sub-

basal band, fine transverse mottlings of cinereous pubescence. Head
moderately coarsely, densely punctate, pubescence semi-erect, dense,

variegated fulvous and black. Antennae piceous, club fuscous. Thorax

very convex, lateral margins not visible from above, sides arcuate, densely

and finely punctate, only a very slight depression at* the middle of the

base ; pubescence dense, variegated, brown, black and cinereous. Scutel-

lum covered with long, fulvo-cinereous, recumbeut hairs. Elytra finely

and densely punctate, striae hardly apparent, pubescence black, mar-

morated with small, cinereous, transverse spots ; a broad transverse band

which does not reach the base also cinereous. Body beneath clothed with

dense yellowish-white, recumbent pubescence, a single series of lateral

black spots on abdomen, last segment black, except three white spots at

base. Legs covered with dense brown hairs, femora annulated at middle.

Length .32 inch ; 8 mm. (Fig. 11.)

No diflficulty will be encountered in recognizing this species ; the broad,

distinctly limited, transverse elj'tral cinereous band, which never attains

the base, is characteristic.

Occurs in Colorado.

D. murinus Linn. Elongate, black, clothed with fine black and cine-

reous pubescence. Elytra black, covered with marmorate black and cine-

reous hairs. Head densely and moderately coarsely punctate, clothed with

dense variegated hairs. Antennae piceous, club fuscous. Thorax very con-

vex in front, lateral margins not visible from above, sides arcuate ; finely

but densely puiictate, a faint median basal depression, pubescence dense,

variegated, a small white spot at middle. Scutellum clothed with cin-

erous hairs. Elytra black, densely and finelj- punctate, stria indistinct,

marmorate with fine sparse black, and coarser cinereous pubescence, the

latter more dense at base. Body beneath black, clothed with long, dense,

whitish yellow pubescence, abdomen with a row of black spots on each

side, last segment black, marked with two white spots at base. Legs

brown, femora annulated at middle with white. Length .22 inch ; 8 mm.
(Figs. 12, 13.)

This species is to be distinguished from the preceding by the irregularly

mottled cinereous and black pubescence on the elytra, there being no dis-

tinct basal or sub-basal band. Two varieties can be recognized.

Variety a. In this the cinereous spots at the sides of the base of the

elytra are confluent, the entire basal half appearing yellowish-white, ex-

cept some black marking near the suture. {Cuninus Germ.)
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Variety h. The pubescence on the elytra is cinereous, faintly mottled

with bhxck. This form is smaller and more slender than the preceding,

and was described by Dr. LeConte under the name rattus. I cannot,

however, see anatomical characters by which it can be distinguished, the

color of the pubescence not ))eing sufficient, as all gradations through the

first variety, up to a typical murinus are to be found.

Occurs in the Middle and "Western States.

D. talpinus ^lann. Elongate, convex, black, clothed with fine black

recumbent hairs. Elytra black, covered with black pubescence, wliich is

mottled with coarser ochre and gray. Head coarsely punctate, pubescence

long, semi-erect, variegated. Antenna; fuscous. Thorax convex, anterior

part of lateral margin not visible from above, sides arcuate; a not very

distinct depression on base, fineh' and densely punctate, covered with

bunches of variegated hairs. Scutellum clothed with coarse, recumbent,

golden-yellow pubescence. Elytra black, densely and finely punctate,

marked by a few faint strise, pubescence black, marmorate with very

small, transverse spots of ochre and gray. Body beneath clothed with

long, recumbent, grayish-white pubescence, and a single series of lateral

black spots on abdomen. Last segment entirely black, except two faint

white spots, at base, on each side of median line. Legs clothed with brown
pubescence ; femora annulated at middle with white. Length .26 inch

;

6.5 mm.
This species is to be distinguished from the foregoing mottled forms, by

the almost black color of the pubescence on the elytra, and by the con-

spicuously yellow scutellum.

Occurs in the Pacific States.

D. sobrinus Lee. Elongate, convex, black, covered with short, sparse,

fuscous pubescence. Elytra uniformly black, pubescent. Head mode-

rately coarsely and densely punctate. Antennae testaceous. Thorax

convex, anterior part of lateral margin not visible from above, sides sud-

denly narrowed at middle, a very faint depression at middle of base, hind

angles prominent, faintly and densely punctate, entirely pubescent. Scu-

tellum densely punctate. Elytra fineh' and densely punctate, faint striaj

just apparent, pubescence sparse and unicolored. Body beneath covered

with long, dense, white, recumbent pubescence. Abdomen marked by

two lateral and two sub-median longitudinal rows of spots of black pubes-

cence. Legs clothed with dense brown hairs ; femora annulated at middle

with white. Length .32 inch ; 8 mm.
The distinguishing characters of this species are found in the convex

thorax, the uniform color of the pubescence on the upper surface, the four

rows of abdominal spots and the annulated femora. Occurs in Texas—one

specimen in Dr. LeConte's cabinet.

D. mucoreus Lcc. Elongate, moderatel}- convex, black, clothed with

sparse black and cinereous pubescence. Elytra black, with a broad irregular
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basal band nifous, -n-hich bears sparse reddish-yellow hairs. Head mod-

erately toarsely iiiul densely punctate, puheseence cinereous and dense.

Antennaj piceous ; thorax very convex anteriorly, anterior two-thirds of

lateral margin invisible from above, sides arcuate, basal fovea indistinct

;

finely and densely punctate, covered at sides, base and front with cine-

reous pubescence, leaving a large triangular spot at middle naked. Scu-

tellum black, sparsely pubescent.

Elytra black, basal third rufous, bearing an irregular transverse band of

yellowish hairs
;
pubescence black, with a transverse spot on each side of

suture, at middle, and some faint mottlings ; cinereous, under surface

clothed with dense, white hairs. Lateral spots on abdomen distinct ; last

segment white, legs sparsely pubescent, except the basal half of femora

which is covered with dense white hairs. Length .28 inch ; 7 mm.
A number of specimens received by Dr. Horn from Texas, on compari-

son with the type in Dr. LeConte's cabinet, prove to be of this species.

The original description was of an immature form from an uncertain

locality. The characters to be relied upon are the convex, naked at

middle, thorax, with uniformly cinereous pubescence, faint basal puncture ;

the elytral rufous band ; and the femora white at base.

D. pulcher Lee. Elongate, moderately convex, red, covered with

sparse, short, recumbent, golden pubescence. Elytra black, except a

narrow basal band, which is red. Head finely and moderately densel}''

punctate. Thorax only moderately convex, lateral margins entirely visible

from above, gently arcuate, base broadly lobed, two distinct basal foveajon

each side of lobe, hind angles prominent ; finely and densely punctate.

Elytra densely, moderately coarsely punctate ; a few faint striae indicated

near apex, black, covered with very sparse, fine, black pubescence, ex-

cept the base which is red, clothed with golden hairs. Scutellum punc-

tate. Entire under surface (also antenna; and legs) red, finely punctate,

pubescence fine. Length 25 inch ; 6.2 mm. (Fig. 10.)

Xo trouble will be found in distinguishing this species ; the general red

color, with the almost entirely black elj-tra, the flattened thorax, with two

basal foveie ; the absence of abdominal spots and white rings on femora,

furnish conclusive characters.

Occurs in the Southern, 31iddle and Western States.

D. lardarius Linn. Elongate, moderately convex, black or piceous,

clothed with short black sparse recumbent pubescence. Elytra marked at

base with a broad rufous space which is covered with cinereous yellow and

three spots of black pubescence. Under surface and legs black with yellow-

ish pubescence, without spots or rings. Head moderately coarsely but very

densely punctate, antenna; rufous. Thorax moderately convex, lateral

margins entirely visible from above, basal Ibvea not very deep ; finely,

but very densely punctate, pubescence black, scutellum covered with

black pubescence. Elytra finely, but very densely, punctate, indistinct

striie near apex, black with a space at base rufous which bears yellow
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hairs and a transverse row of three black spots at the basal third. Length

.24.-30 inch ; G-15 mm. (Figs. 14, 15.)

The most common of all the species ; to be recognized by its more elon-

gate form, basal band of cinereous pubescence on elytra, and the uniform

color of the hair on the under surface. A rubbed specimen bears some

resemblance to mucorcus, but the important characters on the thorax and

under surface of the latter, already given, would separate it at once.

Bermestes signatus Lee. is a variety in which the thorax is covered with

denser cinereous pubescence, marked by three small black spots on disc,

and the elytra almost entirely piceous, the cinereous pubescence extending

nearly to the apex. A well furnished cabinet exhibits a complete series

of gradations fron\ the typical lardarius down to the variety under con-

sideration.

Occurs everywhere.

D. elongatus Lee. Elongate, cylindrical, black or piceous, covered

with moderatelj' long, dark brown, recumbent pubescence. Elytra uni-

form in color, arcuate, marked by striae. Antennae, legs and under surface

piceous. Head moderately coarsely punctate. Thorax only moderately

convex, sides gently arcuate, slightly margined, finely and densely punc-

tate, two not very distinct basal fovese. Elytra black, finely and densely

punctate, eight or ten distinct striaj from base to apex, under surface and

legs covered with uniform dark cinereous pubescence. Length .36 inch
;

9 mm. (Fig. 17.

)

The most elongated of all the forms under consideration, with the strife

on the elytra more apparent. The uniform pubescence and absence of

markings on legs and abdomen are important additional characters. This

species may be identical with bicolor, but from the description the form

seems less elongated and the striae deeper in the latter. A comparison of

types would alone settle the matter. I have preferred to keep them, tem-

porarily, at least, separate.

Occurs in the Southern and Western States.

D. cadaverinus Fabr. Elongate, moderately convex, black or piceous,

clothed with sparse, short, recumbent, cinereous pubescence. Elytra

black. Under side, legs and antennae piceous. Head black, densely and

moderately coarsely, punctate. Thorax black, lateral margins arcuate,

entirely visible from above ; base lobed, with two very distinct basal fovese,

densely, moderately coarsely punctate, with faint stri* on apical jwrtion.

Body beneath more densely pubescent. Abdomen without black spots at

sides ; legs not anhulated. Length .27 inch ; 6.7 mm.
This species is to be distinguished by the uniform color of thorax and

elytra and of their pubescence, by the deep thoracic foveae and only faint

apical striae on elytra.

Occurs in Florida.

D. vulpinus. Elongate, black, convex, clothed with sparse cinereous

pubescence. Elytra uniform in color. Head densely, moderately coarse-
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ly punctate. Antennif rufous. Thorax vi-ry convex in front, lateral

margin not visible from above, finely and densely punctate, no distinct

basal fove«, pubescent only at sides and front, leaving a large triangular

median space, naked. Scutellum clothed with orange-yellow hairs.

Elytra black, finely and dcnsel}^ punctate, hardly any ajjpearance of stria?,

covered with sparse, cinereous, semi-erect pubescence. Body beneath

clothed with long dense white hairs, a row of black spots on each side of

abdomen, the fourth segment alone marked by a median pit, which bears

a bunch of brown hairs ; last segment brown, except two Avhite spots on

either side of median line. Legs covered with brown hair. Femora not

distinctlj^ annulated. Basal half almost entirely yellowish-white. Length

.36 inch ; 9 mm.
The male of this species can be recognized at once b,y the single ab-

dominal pit on the fourth segment ; the female by the convex, naked at

disc, thorax ; the uniform color of the upper surface, and the abdominal

spots and indistinct markings on femora, Avhich are important characters,

common to both sexes.

ATTAGENUS Latr.

Head small, front wide and flat, ocellus distinct. Epistoma short. Eyes

round, entire, moderately prominent. Antennie eleven-jointed, termi-

nated by a three-jointed club, which varies greatly in the ditferent species.

Mouth parts not protected by prosternum, thorax convex, at base not quite

twice as wide as long, apex half as Avide as base, which is strongly bi-

sinuate, sides arcuate, hind angles prominent. Scutellum small but dis-

tinct. Elytra elongate, moderately canvex, apices hardly separately

rounded. No antennal fossae, prosternum not lobed in front, broad and

moderately long, except in varieolor, in which it is narrow and short, pro-

longed behind into a tip which is acute, and extends slightly beyond the

anterior coxa\ Mesosternum narrow, moderatelj" long (very long- in

Hornii), sulcate anteriorly, mesocoxa; not Avidcly separated. Posterior

coxal plate very long, prominent, narrow, obliquely truncate externally.

Legs stout, femora channeled beneath for tibiae ; first joint of tarsi very

short, 2-5 successively larger.

TJie distinguishing characters of this genus are the narrow, emarginate

mesosternum, prosternum simple in front, the 11-jointed antenna- and

absence of antennal fossa', and the long prominent hind coxal plate.

The following table is put forth to aitl in separating our species :

Prosternum broad, moderately long.

Elytra uniformly black or piceous. Last joint of male club

four or five times as long as the preceding two united,

which are Aery small.

Pubescence on elytra uniformly dark and sparse piceus.

Pubescence on elytra dense and Avhite on a smooth spot

at middle, on each side of suture pellio.
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Elytra fulvous, with a black sub-basal spot and lonj^itudinal

broad band on cither side of suture extending almost to

the apex, pubescence uniformly cinereous. Last joint of

male club as long as the preceding two united, which are

very large and equal .'

. . Hornii.

Elytra black with a sub-basal sinuous transverse piceous

band, which bears dense whitish pubescence, all three

joints of male club very large and equal perplezus.

Prosternum narrow and short.

Elytra black, with three, mijre or less confluent, broad

piceous spots on either side of suture ; whitish pubes-

cence arranged in three distinct transverse fascite, all

three joints of male antenme club very large and equal, varicolor.

A. piceus Oliv. Elongate, convex, black, clothed with short, semi-

erect, yellow pubescence. Head coarsely punctate, sparsely pubescent.

Anteun;e rufo-testaceous. Thorax black, coarsely punctate, pubescent at

sides and base. Scutellum pubescent. Elytra black, or rufous, coarsely

punctured, clothed with very sparse, brownish pubescence. Body beneath

black, coarsely and densely punctate, clothed with semi-erect, yellow

hairs. Prosternum long and wide. Legs rufous. Length .14-.20 inch;

3^-5 mm. (Fig. 26.)

Mule. Antenna? with first joint large, suboval ; second smaller
; joints

3-8 smull ; 9-11 forming the club, of which the first two joints are wide

but very short, the last wide, extremely long, pointed at end—equaling all

the preceding part of the organ. (Fig. 22.)

Female. Antennal club compact, not quite equal to all the preceding

joints, made up of three joints of which 9-10 are equal ; while the last

equals the two united. (Fig. 23.)

Under this name I have included rufipennis, dichrous, spurcus, meriatoma,

as I can see no characters by which they can be separated. The sparsely

'

pubescent uniformly colored elytra, the broad prosternum and the struc-

ture of the male antennas are diagnostic.

Occurs everywhere.

A. pellio Linn. Elongate, convex, black, clothed with short, semi-

erect, brown hairs ; head coarsely punctate, pubescence sparse, brown and
erect, antenme rufo-testaceous, club cinereous. Thorax coarsely punctate,

base and angles clothed with white pubescence ; scutellum pubescent.

Elytra black, sparsely pubescent, a small smooth spot on either side of

suture is clothed with dense white hairs. Body beneath black, coarsely

punctate, pubescence yellow, semi-erect. Prosternum wide, moderately

long ; abdominal segments rufous, margined with black, pubescent.

Length .21 inch ; 5.5 mm. (Figs. 29, 30.)

Male. Antennal club with joints 9-10 verv small—last joint very

large, as long as all the remaining portion of the antenna'.

PROC. AMEK. PHILOS. SOC. XX. 112. 2s. PRINTED AUGUST 16, 1882.
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Female. Antcnnal club compact, joints 0-10 wide, together equaling

the last segment.

Dislinguishod by the elytral spots, uniform color, and the structure of

the prosternum and male autcuual club.

Occurs in New England.

A. Hornii, n.sp. Elongate, convex, black, clothed with dense, cine-

reous, semi-erect pubescence. Elytra fulvous Avith a broad longitudinal

black band, interrupted obliquely at basal third, of black ; head coarsely

punctate, pubescent, antenmc testaceous; thorax coarsely punctate, densely

pubescent. Elytra coarsely punctate, fulvous with abasal spot and longitu-

dinal baud rufous ; entirely clothed with dense, cinereous recumbent

pubescence. Body beneath rufo-piceous, moderately coarsely punctate,

clothed with short cinereous hairs, prosternum moderately long, wide.

Mesosternum twice as wide as long, sulcate in front, very prominent.

Abdominal segments black with short cinereous hairs. Legs testaceous.

Length .14 inch ;
'6.5 mm. (Figs. 24, 25.)

Male. Antennal club elongate, with joints 9-10 very large, equal,

together as long as all the preceding joints, 11 elongate almost equal to

9 and 10 united. (Fig. 18.)

Female. Antennal club elongate, joints 9-10-11 equal. (Fig. 19.)

This species is easily separated from the rest, by the markings, and dense

cinereous pubescence of the elytra and by the structure of the male

antennal club. The mesosternum is long, less deeply sulcate and more

prominent than in the other species.

It was recognized by Crotch as a new form and labeled in the collec-

tions with the above nai5ie, although no description has ever been pub-

lished.

A. byturodes Cr. of the Check List is the female of this species. Occurs

in the Pacific States.

A. perplexus n.sp. Elongate, convex, black, clothed with short, black,

semi-erect pubescence. Elytra with broad sinuous basal and a few spots at

middle and apex, of Avhitish pubescence. Head coarsely punctate, pubes-

cence black and cinereous. Anterthte rufous. Thorax densely and

coarsely punctate, disc sparsely, sides and base more densely clothed with

long semi-erect yellow pubescence. Elytra black, Avith a piceous sinuous

sub-basal band which bears whitish-yellow hairs. Body beneath black,

coarselj' punctate, pubescence short, semi-erect, yelloAvish-white. Pro-

sternum wide, moderately long, abdominal segments black, finely punctate,

pubescent, legs rufous. Length .16 inch ; 4 mm.
Male. Antennal club with joints 9-10 equal ; 11 slightly longer not

equal to both the preceding united.

Female. Antcnnal club with the last joint equal to two preceding united*.

This .species is entirely difierent in appearance and in the structure of

the male antennal club from all others in our fauna except varicolor, from
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which it can be easily distinguished by the narrow sliort prostcrniim and
broad confluent piccous spots on the elytra of the latter.

Occurs in Nevada.

A. varicolor, n. sp. Elongate, convex, black, covered with whitish-

yellow, semi-erect pubescence. Head and thorax coarsely punctate,

pubescent. Antennae rufotis. Scutellum pubescent. Elytra black,

clothed with black, semi-erect pubescence, marked by three irregular

transverse confluent rufous spots, with three sinous transverse bands of

white semi-erect pubescence. Body beueath black, punctate, covered

with short, cinereous hairs. Prosternum very short and narrow. Legs
rufo-testaceous. Length .16 inch; 4 mm. (Figs. 20, 21, 27, 28.)

3[ale. Antennal club not quite twice as long as all the preceding por-

tion, with joints 9-11 very large ; last joint only slightly longer.

Female. Antennal club small, equal to all the preceding joints united,

last joint almost equal to the two others together.

The distinguishing characters of this species are the narrow prosternum;

structure of male antennal club ; the elytra, black and piceous, bearing

three distinct white fasciae.

Occurs in the Pacific States.

DEARTHRUS Lee.

Head as wide as anterior border of thorax. Ej^es round, large, very
prominent, entire. Antennae 9-jointed, terminated by a 3-jointed club

(fig. 33). Thorax not twice as "g^ide as long, slightly bisinuate at base.

Elytra elongate, sides nearly parallel. Prosternum one-third \as long as

wide, tip sub-acute, not produced beyond anterior coxae. No true anten-

nal fossae, Meso«ternum narrowly divided. Mesocoxae not widely sepa-

rated (fig. 32). Metasternum short, side pieces wide. Posterior coxae not

reaching the sides of body. Coxal plates short and wide, covering more
than basal half of femora. Legs slender, first four joints of tarsi subequal,

last joint much longer, hardly equal to all the others taken together.

This genus, founded upon one species, has been merged into Attagenus,

from which, however, it is undoubtedly distinct. The 9-jointed antenufe,

the peculiar prosternum, the narrowly divided mesosternum, the short

and wide posterior coxal plates like those of Trogoderma and alli(!d genera,

and finally, the entire fiicies of the insect, are characters too important to

be overlooked or underestimated.

D. longulus Lee. Elongate, compressed, black, clothed with sparse'

yellow semi-erect pubescence. Head black, coarsely punctate, sparsely

pubescent. Thorax coarsely punctate, sparsely pubescent. Elytra black

or piceous, coarsely punctate, sparsely pubescent. Body beneath rufous,

moderately coarsely punctate, clothed with sparse, cinereous pubescence.

Abdominal segments rufous, margined with rufo-testaceous, punctate,

pubescent. Legs rufous. (Fig. 31.)

Length .1 inch ; 2.5 mm.
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Mule. Anlennte of nine joints, first very larj;e, sub-oval ; second some-

what smaller ;
3-0 small ; 7-9 forming the club equal to all the preceding

unLted, of which tiie first is very small ; the second wider and longer
;

the last twice as wide as the second and almost three times as long as the

two united, obtusely pointed at tip.

Female. Club of antennae a little more than half as long as the preceding

joints taken together ; last joint as wide as, and little longer than the

second ; nearly truncate at tip.

Occurs in the Atlantic district.

PERIMEGATOMA Horn.

Form elongated, only moderately convex, body dark in color. Head
moderately wide, front flat, epistoraa moderately short ; a distinct ocellus.

Anteuntv 11-jointed, clubS-jointed, except in /ie/Z/'a^ri, whereitis5-jointed.

Eyes large, round, prominent, and entire. Thorax twice as wide at base

as at apex, and half as long as the greatest width, very convex and promi-

nent in front, with a transverse depression across th'e base, which is

slightly bisinuate. Sides arcuate, hind angles prominent, except in Bel-

fragi, wiiere they are somewhat retracted. Scutellum small, but distinct.

Elytra long, sides nearly parallel, apices not separately rounded. Pro-

sternum only moderately broad, and very long, lobed in front, covering all

the mouth parts, except the labrum, produced behind into a short tip re-

ceived into the mesosternum, wMiich is narrow and deeply eraarginate.

No antennal fossie, spaces between prosternum and lateral margins slightly

concave (Fig. 35), metasternum short, side pieces wide. Legs stout.

Posterior coxa? do not attain the sides ; coxal plate shortj moderately

wide (Fig. 34) ; first joint of tarsus long, 2-3-4 successively shorter, 5 as

long as first.

This genus was established for several species, occuring from Lake

Superior to Texas, California and Sitka, which agree with Megatoma in all

the characters except in the antennal fossae, which are absent in this genus.

Tlie ornamentation, by the pubescence of the surface, resembles somewhat

that oi Megatoma, there being two transverse, undulating, cinereous bands,

the one at the basal third, the other at the apical fourth.

The following is the arrangement of the species, proposed by Dr. Horn
(Trans. Am. Ent. Soc. 1875, p. 135) :

Antennal club 3-jointed.

First joint of club in both sexes, very little smaller than the

second joint.

Pubescence unicolored, grayish-white (.10 inch) cylindricum.

Pubescence bicolored (.20 inch) variegatum.

First joint of club extremely short.

Pubescence bicolored (.14) falsum.

Antennal club 5 -jointed.

Pubescence bicolored Belfragi.
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P. cylindricum Kby. Oblong, oval, piceous, shining, sparsely clothed

with moderately short, semi-erect, easily removed, cinereous pubescence.

Elytra uniformly piceous or marked by two transverse rufous bands.

Head coarsely and densely punctate, pubescence sparse. Antenna rufous.

Thorax very densely and coarsel}'^ punctate, moderately densely pubescent,

especially at sides. Elytra less densely and coarsely punctate, either black

and uniformly pubescent or marked by two piceous bands at apical and
basal third, to which the pubescence is more closely adherent. Body be-

neath piceous, coarsely punctate, moderately densely pubescent. Legs

piceous. Length .13-. 16 inch ; 3.2-4 mm.

Male. First and second joints of antenna large, sub-equal, 3-8 very

small, 9-11 forming a club which is longer than all the preceding joints

together, the first nearly as large as the second, and the last longer than

the other two together, and pointed at tip. (Fig. 37.)

Female. Club of antennae only half as long as the preceding joints

together, last joint not much larger than second, obtusely pointed at tip.

(Fig. 38.)

Occurs from Hudson Bay Territory to California.

Certain specimens from California, in Dr. LeConte's collections, differ

somewhat in the ornamentation of the elytra. Dr. Horn describes them
as follows :

Specimen a. Uniformly piceous, pubescence normal, slightly denser at

the sides of the thorax (angularis Mann).

Specimen b. Similar to a, but with the pubescence adhering more
closely, and forming a very indistinct sinuous band at basal and apical

third.

Specimen c. Elytra with sinuous, transverse, rufo-piceous bands at

apical and basal third, to which the pubescence is very closely adherent,

causing the elytra to be conspicuously marked.

This species is easily recognized by the uniform color of the pubescence

and by the antennal club.

P. falsum Horn. Form, color, and ornamentation as in cylindricvm,

variety c. The pubescence of the elytra is bicolored, composed of pale-

brownish and grayish-white hairs intermixed, the former forming a

narrow, transverse band in front of the rufous bands of the elytra.

Length .14 inch ; 3^ mm.

Male. Club of antenna slightl)^ longer than all the preceding joints

together, first joint extremely short, but nearly as wide as the second, ter-

minal joint more than twice as long as the two preceding together, and
pointed at tip. (Fig. 41.)

Female. Club of antenna not longer than the preceding joints taken

together, first joint much shorter than the second, terminal joint slightly

longer than the first two united, and but little longer than Avide, oval at

tip. (Fig. 42.)



Jayne] '^^^ [June 10,

Occurs'in California, and is to be known by the short first joint of the

anteunul club.

P. variegatiim Horn. Oblong-oval, piceous or piceo-rufous. Elytra

with two sinuous transverse bands of rufous, with dense wiilte pubescence.

Head and thorax densely punctured, covered with intermixed pale-brown

and white hairs. Elytra oblong-oval, sides sub-parallel, surface less

densely punctured than the thorax. Color piceous, with a sinuous rufous

band at basal and another at apical third, rather densely covered with

white pubescence, the remainder of the surface with intermixed pale-brown

and whitish hairg. Body beneath densely punctured, sparsely covered

with cinereous hairs. Antennae rufous or pale brown. Length .20-22

inch ; 5-5.5 mm. (Fig. 36.)

Male.—Club of antennae not quite equal to the preceding joints united,

first joint as large as second, terminal as long as the first and second

together, and pointed at tip. (Fig. 39.)

Female. Club of ant*inaj not longer than preceding joints together,

first two joints nearly equal, and the terminal shorter than the other two

united, oval and slightly obliquely truncate on the inner side. (Fig. 40.)

Occurs in California and Oregon. This species is larger and broader

than the two just considered. It may be recognized by the bicolored pu-

bescence and the structure of the antenna! club.

P. Belfragi Lee. Structure, color and ornamentation similar to the

preceding species, but the form is decidedly more elongate. Length. 22

inch ; 5.5 mm.
3Iale. Club of antenna} of five joints, twice as long as all the preceding

joints united, first and second joints moderately wide, but short, subequal,

third and fourth much wider, and twice as long, terminal as long as the

four preceding together, and obtusely pointed at tip. (Fig. 43.)

Female. Club of antennae of five joints, about equal to the preceding

joints united ; terminal joint hardly equaling third and fourth, almost

globular. (Fig. 44.)

Occurs in Texas.

ACOLPUS, n. g.

Head as wide as front margin of thorax. Frontal ocellus distinct. Eyes

large, prominent, round and entire, moderately coarsely granulated,

mouth parts free, antennte 11-jointed, thorax about twice as wide at base

as long, apex only one fourth as wide as base, sides arcuate, lateral mar-

gins somewhat flattened, hind angles prominent, base bisinuate. Scutel-

lum small, nearly covered by the thorax ; elytra about twice as long as

wide, sides subparallel, apices slightly separately rounded ; no antcnnal

fossae ; spaces between prosternum and lateral margin concave, coarsely

punctate
;
prosternum broad, moderately long, produced posteriori}^ into

an acute long tip, completely dividing the mesosternum, which is wide.

Mesocoxte therefore widely separated. Mesosternum short, side pieces
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wide ; hind coxce moderately long, narrow, coxal plates only attaining

side pieces. Legs stout, reaching sides of body ; first joint of tarsus long,

second shorter, third and fourth still smaller, the fifth equals the first.

This genus differs from Trofjoderma hy the absence of the antennal fos-

sae. There is but one species.

A. primus, n. sp. Elongate, moderately convex, black, clothed with

very sparse, semi-erect, moderately long, cinereous pubescence. Elytra

piceous, with a moderately broad transverse sinuous band on the basal

third yellow, antenna?, abdomen and legs, piceous. Head densely and very

coarsely punctate, antennre 11-jointed
;

joints 1-2 large ; 3-5 much
smaller ; 6-11 large and wide, forming an elongate serrated club. Thorax

very densely and coarsely punctate, pubescent at sides. Elytra coarsely,

much less densely punctate ; a transverse depression across the base,

piceous except a transverse sinuous yellow band at the junction of the

basal and middle thirds, which is moderately broad and directed slightly

forward, and somewhat more densely covered with lighter hair. Body
beneath rufous, very coarsely punctate, pubescence shorter, more dense

and recumbent. Length .08 inch ; 2mm. (Fig. 45.)

Two specimens from Texas in Dr. LeConte's cabinet, from Mr. Bel-

frage.

The single light band on the elytra will serve as an additional character

to separate this species from any of our known Trogoderma.

TROGODERMA Latr.

Oblong, convex, dark, elytra marked with sinuous rufous bands, bear-

ing light pubescence. Head small, a distinct ocellus, fi'ont fiat, clypeus

short. Eyes prominent, moderately coarsely granulated, round, entire in

simplex, sternaU and ornatum, emarginate in front in inclusion. Thorax

very convex, twice as wide at base as long, base three times as wide as

apex, bisinuated, slightly produced sub-acutely in the median line, sides

arcuate, hind angles moderately prominent. The antenna? are 11-jointed,

terminated by a club which is 6-jointed and strongly serrate in the males

of sternale and ornntum, 7-jointed, not pectinate in the males of inclusum,

and 5-jointed in the females oi simplex, and 4-jointed in the females of the

other species. Scutellum moderately large, uncovered. Elytra with

sides sub-parallel, apices separately rounded.

Antennal fossa occupying the entire space between the pro.sternum and
lateral margin of thorax, except in simplex, where they are limited to the

anterior part of the prosternal suture. Prosternum moderately broad and
long, not lobed in front, produced behind into a long tip, which is broad,

entirely dividing the mesosternum in simplex, ornatum and inclusum, acute

in sternale, the mesosternum being only deeply emarginated. Mesocoxa?

very widely separated. Posterior coxal plates moderately long and wide,

not reaching the sides. Legs stout, femora grooved beneath to receive
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the tibiffi ; first joint of tarsi long, second, third and fourtli successively

shorter, together equaling the fifth.

The elytra of all the species, in our fauna at least, are fasciate. The

anatomical characters by which to recognize this genus are : the distinct

antennal foss;v, characteristic antenna-, prosternum not lobed in front, the

broad, deeply emarginate or entirely divided mesosternuni, and the

moderately wide and long posterior coxal plate.

Our species may be arranged as follows :

Eyes entire.

Antennal fossa near prosternal suture simplex.

Antennal fossa sub-marginal.

Prosternal tip broad.

Mesosternum broadly divided ornatum.

Prosternal tip narrow.

Mesosternum deeply emarginate sternale.

Eyes emarginate in front inclusum.

T. simplex, n. sp. Oblong, black, clothed with black semi-eject pubes-

cence. Elytra black, with three sinuous bands and apical spot rufous

with white pubescence. Head coarsely punctate, front covered with

coarse yellow hair. Eyes entire, moderately prominent. Antennae piceo-

testaceous, joints 1 and 2 rufous. Thorax coarsely, not ver}- densely, punc-

tate, with whitish-yellow pubescence at sides and base, disc less pubescent.

Scutellam pubescent. Elytra coarsely punctate, black, with three irregu-

lar bands of red, bearing semi-erect whitish pubescence. Body beneath

black, coarsely punctured, clothed with short recumbent cinereous pubes-

cence. Antennal fossa limited to a small space neat prosternal suture.

Prosternum long, moderately broad, tip prolonged, completely dividing

the mesosternum. Abdominal segments black, margined with rufous,

clothed with cinereous pubescence. Legs piceous, tibial and tarsi rufous.

Length .20 inch ; 5 mm. (Figs. 51, 52.)

Male unknown.

Female. Antennje with joints 1 and 2 large, almost equal, 3-6 small,

globular, 7-11 forming the club, which is fusiform.

The distinguishing characters of this species are the completely divided

mesosternum, the entire- eyes, and antennal fossae limited to the prosternal

sutures. It is of larger form than any of our known .species. Found in

the Western States.

T. ornatum Say. Oval, black, clothed with semi-erect, black pubescence.

Elytra with three irregular confluent bands and apical and basal spots of

gray pubescence. Head with front densely and coarsely punctate, clothed

with erect black pubescence, eyes entire, moderately prominent. Antennte

testaceous. Thorax moderately sparsely punctate. Scutellum pubescent.

Elytra coarsely, moderately sparsely punctate, black, clothed with black

pubescence and with threeirregular bands of red, bearing gray pubescence.
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Bod}' beneath black, clothed with cinereous pubescence, coarsely punc-

tate. Antenual fossce deep and large. Prosternuui long and moderately

broad, tip broad, sub-carinate. Mesostei'num completely and broadly

divided to receive prosternum. Abdominal segments black or rufous,

coarsely punctate and pubescent. Legs rufous. Length .08-20 inch ;

2.5 mm. (Figs. 46, 47, 48.)

iWde. Antennae with joints 1-2 large and equal, globular, 3-5 small and

globular, 6-11 strongly pectinate, forming the club.

Female. Antennae with joints 1 and 2 almost equal, large, globular,

3-7 small, globular, 8-11 forming the club.

This species may be separated by its entii*e eyes, the character of the

antenna^, the large autennal fossae, the broad tip of the prosternum and the

widely divided mssosternuui. It is of moderate size.

Occurs everywhere.

T. sternale, n. sp. Oblong, black, clothed with sparse, black, semi-

erect pubescence. Elj'tra black, with three irregular continent bands

and apical and basal spots of red, bearing whitish pubescence. Head
coarsely punctate, sparsely pubescent. Eyes entire, moderatel}' promi-

nent. Antennae rufo-testaceous. Thorax coarseh' punctate, sides and

base bearing whitish pubescence. Elytra black, with three variable rufo-

testaceous bands, bearing white or gray pubescence, the .rest sparsely

clothed with black hairs. Body beneath piceous, coarsely punctate, with

cinereous pubescence. Antennal fossa moderately deep, occupying all

the space between prosternum and lateral margins. Prosternum short,

moderateh^ wide, tip convex and acute. Mesosternum deeply incised but

not entirely divided. Abdominal segments piceous (variable to rufous),

apical margins testaceous. Legs rufous. Length .08-. 16 inch; 2-4 mm.
(Fig. 50.)

^

Male. Antennae with joints 1 and 2 large, 3-5 small and equal, 6-11

forming a deeply pectinate club
;
joints 10 and 11 are usually connate.

Female. Antennae with joints 1 and 2 large, 4-7 small, 8-11 forming

the club.

The distinctive characters of this species are the entire eyes
;
pectinate

antennae ; large antennal fossae ; acute tip of prosternum and the meso-

sternum only deeply incised. It is the smallest form in the genus.

Occurs in California, New Mexico, Arizona, Texas, &c.

T. inclusum Lee. Oval, somewhat oblong, black, clothed Avith moderate-

ly long semi-erect black pubescence. Elytra with four sinuous confluent

bands of red, bearing whitish pubescence. Head coarsely and densely

punctured, quite sparsely pubescent. Eyes deeply emarginate in front,

not very prominent. Antennae testaceous. Thorax finely punctate,

moderately sparsely pubescent. Elytra black, with four irregular bands

of red, bearing grayish pubescence, the rest with sparse black pubescence,

coarsely punctate. Body beneath piceous, coarsely punctate, with cine-

reous recumbent pubescence. Antennal fossa deep, occupying nearly all
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the space between the front and lateral margins. Prosternnra short,

moderately wide, lip wide, convex, not curinate. Abdominal segments

rufous, apical margins paler, pubescent. Legs rufo-lestaceous. Length

.08-10 inch ;
2-4 mm. (Fig. 5:3.)

Male. Anteunal joints 1 and 3 large, 3-4 very small, 5-11 forming the

club, which is not deeply pectinate.

Female. Antennal joints 1 and 2 largo, 3-7 small, 8-11 forming the

club.

This well known species possesses well marked characters by which

it can be at once separated from the preceding forms. Tlie eniarginate

eyes and non-pectinate antenniu united with large antennal fossae, broad

prosternal tip and completely divided mesosternum are conclusive. 1\

tarsnle Mels. and T. j)ulUpeii Zicg. are identical willi this species.

Occurs in Pennsylvania, Massachusetts and South Carolina.

CRYPTORHOPALUM Guer.

Head moderately large, front wide, with a prominent ocellus, the epis-

toma short and on the same plane with the front, eyes prominent, round,

moderately coarsely granulated, entire. Tlie antennie are 11-jointed,

terminated by a 2-jointed club, Avhich is twice as long in the males as

in the females, the joints being eciual in hemorrhoidale, the terminal

joint much shorter than the preceding in all the other species. The
thorax at base is twice as wide as long, apex one halt the width of the

base ; the latter bisinuate, quite strong, lobed behind on the middle line,

lobe truncate, partially overlap'^jing the scutellum ; the sides are afcuate,

somewhat dihited over the antennal fossis in the males of all the species,

very markedly so in ruficorae ; hind angles acute and prominent except in

the male of raficorne, where they are retracted. Scutelhun distinct,

triangular. Elj'tra widest at base, sides oval, apices separately rounded.

Anteunal fossaj distinct ; the mouth parts, except the labrum, are€overed

by the prosternum which is not lobed in front, but is wide, Tiioderately

long, the tip broadly produced, Avidely dividing the mesosternum and
consequently causing the mesocoxa; to be widely separated. Metasiernum

short, side pieces wide. Hind coxal plates moderately long, wide,

reaching the epimera of metathorax. Legs stout, femora grooved beneath

for tibi;e, first and last joint of tarsi long, nearly equaling the small inter-

mediate ones united.

The species of this genus are small, black or piceous, and moderately

coarselj- punctate, the elytra are sparsely pubescent except in baltentum,

where the grayish hairs are arranged in fasciate form. The anatomical

characters by which this genus is separated from the others, are the wide,

short, flat front ; the 2-joinled club of the antennte ; the submarginal an-

tennal fossa? ; the prosternum covering all the mouth parts except the

labrum ; its broad tip dividing widely the broad mesosternum ; and the

widSj moderately long, posterior coxal plates.
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The species can be tabulated as follows :

—

Elytra with two sinuous transverse bands, humeral ring,

and apical spot of yelloAvish white pubescence balteatvun.

Elytra sparsely and uniformly pubescent.

Posterior third distinctly lighter in color than the re-

mainder. Both joints of the antennal club sub-

equal ; metasternum finely and sparsely punctate. . hemorrhoidale.

Apex only distinctly lighter than remainder.

Last joint of antennal club much smaller than pre-

ceding. Metasternum coarsely and densely punctate, apicale.

Elytra uniform in color. Last joint of antennal club

smaller than preceding.

Thora.x: finelj^ and densely punctate ; sides nearly

arcuate and hind angles acute in the male triste.

Thorax almost smooth ; sides greatly dilated and hind

angles retracted in the male ruficorne.

C. balteatutn Lee. Oval, convex, piceous or fuscous, clothed with

moderately long, yellowish, semi-erect pubescence. Elytra marked by

two transverse sinuous bands, a humeral ring, and apical spot of longer

whitish pubescence. Head coarsely punctate. Antennae fuscous, terminated

by a large 2-jointed club. Thorax convex, hind angles acute, moderatelj'^

finely punctate, pubescence more dense at sides and base. Scutellum

small, naked. Elytra coarsely punctate, piceous, sparsely clothed with

semi-erect, ja^llow and black pubescence, with humeral ring, two trans-

verse bands, and apical spot of dense whitish-j'ellow hairs. Body beneath

black or piceous, coarsely punctate, covered with fine, long, semi-erect,

.yellowish-white pubescence. Metasternum moderately finely punctate.

Abdomen fuscous, coarsely punctate, densely pubescent. Legs rufous.

Mide. I have not been able to see any males of this species.

Fainnle. Antennal club elongate, made up of two joints, nearly equal,

about as wide as long, together eqiialing all the preceding joints. The

club is received into a fossa which occupies only the anterior half of the

space between the prosternum and lateral margin, is almost circular, and

appears to lie transversely. Length .10 inch ; 2.5 mm. (Fig. 44.)

The distinguishing characters of this species are the coarsely punctate,

piceous, fasciate elj'^tra, and the structure of the antennal club.

The banded elytra give the insect the appearance of a Trogoderma, but

the generic characters, already given, serve to separate this species with

certainty.

Occui's in the Pacific States.

C. hemorrhoidale Lee. Elongate-oval, moderately convex, reddish

-

brown, clothed with moderately long, j^ellow, semi-erect pubescence.

Elytra reddish-brown, posterior third lighter. Head black, very coarsely

and densely punctate, sparsely pubescent. Antennae light brown. Thorax
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convex,* moderately finely punctate, pubescence long and yellow. Scutel-

lum naked and rough. Elytra black as far as the posterior third, which

is piceous or rufous, very sparsely pubescent, coarsely and moderately

densely punctate. Body beneath black, coarsely, except the metasternuni,

which is linelj' punctate ;
pubescence long and yellow. Legs with thighs

rufous, tibia? and tarsi lighter. Length .09 inch ; 2.1 ram.

Male. Antennal club very large, conijjosed of two sub-equal joints,

almost disc-shaped, and twice as long as the preceding segments united.

(Fig. 45.)

Female. Antennal club of two sub-equal joints, together only as long

as all the other joints united. (Fig. 46.)

The important characters which enable us to separate this species are,

the constant light color of the posterior third of the elytra, the oval anten-

nal club of two sub-equal joints, and the finely punctate metasternum.

Occurs in the Southern and Western States.

C. apicale ]\Iann. Elongate, convex, black, sparsely clothed with

moderately long, yellowish, semi-erect pubescence. Head coarsely punc-

tate, sparsely pubescent. AntenniB light brown. Thorax with hind angles

acute, black, finely and densely punctate, pubescence sparse. Scutellum

small, scabrous, naked. Elytra black, apex rufous, coarsely punctate,

pubescence sparse, yellow and black ; apex usually clothed with dense

yellow hairs. Body beneath black, moderately coarsely punctate, sparsely

pubescent. 3Ietasternum very coarsely punctured. Abdomen black or

piceous. Legs rufous, tibi;ie, etc., lighter. Length .11 inch ; 2.8 mm.

Male. Antennal club elongate, of two joints, the last of which is half

as long as the preceding, together twice as long as all the others united.

Club received into a fossa which extends almost to the posterior angle of

lateral space. (Fig. 57.)

Female. Antennal club as in male, but only half as long ; the fossa

occupies onlj' the anterior half of the lateral space. (Figs. 58,. 59.)

The prominent charactere of this species, are found in the apical color

of the elytra, the coarse puncturing of the metasternum and the elongate

antennal club, composed of two unequal joints.

Occurs in California.

C. ruficorne Lee. Sub-oval, convex, black or piceous, clothed Avith yel-

lowish semi-erect pubescence. Head coarsely punctate, pubescence spai'se

and yellow. Antennae very light, almost testaceous. Thorax convex

;

in the male the lateral margins are strongly dilated over the antennal

fossae and the hind angles are retracted, very finely and sparsely punc-

tured, pubescent at sides. Scutellum naked, black. Elytra piceous,

coarsely punctured, clothed with sparse yellow and black hairs. Bodj'

beneath almost black, coarsely punctured, sparsely pubescent. Metaster-

num very coarsely punctate. Legs rufous. Length .08 inch ; 2 mm.
(Fig. 61.)

'
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Male. Antennal club very broad—in other respects like the preceding

species.

Fem%le. Antennal club like the preceding species.

This form ma}'- be easily distinguished by the plain piceous elytra, the

almost smooth thorax, which in the male has the margin dilated and con-

vex where it forms a roof for the antennal fossa, and the hind angles re-

tracted. The male club is very light in color and extremely broad.

Occurs in California.

C. triste Lee. Elongate-oval, black or piceous, convex, clothed with

sparse, yellowish-red, suiii-crect pubescence.

Head coarsely punctate, pubescence sparse and j'ellow. Antennae

light, last joint rufous or black. Thorax convex, hind angles acute in both

sexes, finely but ver}"- densely punctured, sparsely pubescent at sides.

Scutellum black, naked. Elytra entirely black, moderately coarsely punc-

tate, pubescence very sparse, yellowish-red. Body • beneath black,

covered with sparse, fine, yellow, semi-erect, hairs. Metasternum very

coarsely punctate. Legs entirely rufous. Length .08 inch ; 2 mm.
(Fig. 60.)

Mile. Antennal club as in preceding species but more elongate and

darker.

Female. Antennal club as in riificoriie, cLxrker.

The distinguishing diameters are, the plain dark colored elytra, the

finely but very denselj'- punctured thorax, and the elongate antennal club

of two unequal joints.

I can see no valid diS"erence between this species and nigricorne Lee.

and picicorne Lee ; fascidam Lee. appears to be only a smaller variety

which is more pubescent.

Occurs everywliere, in the Atlantic region.

AXINOCERUS, n. g.

Head large, front convex between the eyes, clypeus forming an angle

with the front, retracted (Fig. 64). Eyes large, globular, finely granu-

lated, entire, a distinct ocellus. Antennae inserted under the angle

formed by the meeting of the clypeus and front, of eleven joints, bearing an

enormous securiform club of one joint. (Fig. 63.) Thorax about twice

as wide at base, as long ; apex less than half the width of the base, mar-

gined ; sides arcuate, slightly flattened, margined ; posterior angles acute,

base slightly bisinuate, broadly lobed at middle, lobe truncate. Scutel-

lum small. Elytra with humeral angles not prominent, sides arcuate,

apices separately rounded. Antennal fossa large, somewhat triangulai",

occupying the entire space between prosternum and lateral margin.

Mouth parts, except labrum, covered by the prosternum, which is broad,

moderately long, tlie anterior margin somewhat deflexed, the tip broadly

produced posteriorly, dividing the mesosternum. Mesocoxffi widely sepa-
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rated. Metasternum broadly truncate in front. Tlind coxre, coxal plates

and legs ast in Cryptorhnpalam.

The creation of this genus is made necessarj' by the discovery of a new
species which cannot be relegated to any of the existing genera. It is

closely allied to Cnjptorhopnlum from which it differs only by having a

long, retracted clypeus and an antcnnal club unlike anything heretofore

described as occurring in this family. The general form, moreover, is

more broadly oval than in the preceding genus.

A. americanus, n. sp. Broadly oval, convex, black, shining, clothed

with moderatel)' long, semi-erect, brown pubescence. Elytra uniformly

black. Abdomen, legs, and antennaj rufous. Head coarsely not densely

punctate. Antenmeof eleven joints, of which 1 and 2 are moderately large,

globular, sub-equal. 3-10 small, increasing in size as they recede from the

head, to be joined to the basal portion of the upper edge of the large ter-

minal joint, which is flat, broad at base, pointed at apex, three times as

long as wide, a little more than twice as long as all the preceding joints

taken together. Thorax sparsely and finely punctate at middle, more

densely and coarsely at sides. Scutellum smooth and naked. Elytra rather

coarsely, not densely punctate, black, side margins near apex rufous.

Body beneath black, coarsely and moderately densely punctate, very

sparsely pubescent. Length .08 inch; 3 mm. (Fig. G2.)

One specimen from Lavaca county, Texas, in Dr. LeConte's collection,

collected bv Mr. Schwarz.

ANTHRENUS Geof

Ovate, convex, dark, covered with scales which are large and triangular

in scrophularim, smaller in museornm and chirirjcr, and very long and

narrow in varlus. Head small, a distinct ocellus, epistoma moderately

long and flat, mouth parts entirely- protected by the prosternum- Eyes

moderatel}'' large, prominent, emarginate in scrophularice, entire ^n the rest

of our species. Antennae short, 11-jointed in scrophularim and varius, ter-

minated by a 3-jointed club ; 8-jointed in museorum, bearing a 2-jointed

club, and 5-jointed In dnciger, with a large flub of one joint. Thorax very

convex at base, more than twice as wide as long ; base three or four times

as wide as apex, bisinuate, lobed beliind in the median line ; lobe acute,

covering almost the entire scutellum ; lateral margins slightly expanded,

arcuate ; hind angles prominent. Elytra ovate, apices slightly separately

rounded. Antennal fossa dividing tlie anterior part of the lateral margin

of thorax. (Fig. 65.) Prosternum short and wide, lobcd in front, covering

all the mouth parts except tlie labrum, produced behind into a broad tip,

which does not reach much beyond the anterior coxae. Mesosternum very

wide, completely and broadly divided. Mesocoxoe very widely separated.

Metasternum short, side pieces wide. Posterior coxal plate moderately

short, widp, l)ut not reifhing the sides. Femora stout, grooved beneath
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for the tibi.Te, which are quite slender. First four joints of tarsi small,

sub-ec[iial, terniinil joint ne.irly as Ion'; as the four united.

This genus possesses very distinct ciiaracters by which it ma)* be sepa-

rated from all otliers, viz : Tiie short, broad form ; the thorax, so wide at;

base and narrow in front, witli the antennal fossae dividing its hxteral mar-

gin ; tlie mouth parts covered, except the labrum, by tlie prosternum ;

the widely separated mesocoxas, and finally the' clothing, consisting of

large or small variegated scales.

Tlie following table will enable us to recognize the species :

Antennje 11-jointed ; club 3-jointed.

Eyes eniarginate ; scales coarse, large, triangular, as wide

as long. Antennal club oval scrophulariae.

Eyes entire ; scales fine, not triangular, three times as long

as wide. Antennal club oblong varius.

AntennfE 8-jointed ; club 2jointed.

Ej'cs entire, scales small, triangular museorum.
Antennae 5-jointed ; club of a single very long joint.

Eyes entire, scales small, triangular claviger.

A. scrophulariee Linn. Ovate, moderately convex, blacl^ clothed witli

large, triangular, black, white, and orange-red scales. Elytra marked by

a sutural longitudinal band and apical spot of orange-red scales and

two transverse bands and basal spots of white. Head black, coarsely

punctate, thickly covered with black scales, a few orange-red scales

around the eyes and on ch'peus. Eyes eniarginate in front, not very

prominent. Antenna; black, 11-jointed, terminated by a broadly oval

3-jointed club, which is as long as all the preceding joints united.

Thorax black, coarsely punctate, disc covered wiih black, sides and base

with white and orange scales. Scutellum hardly visible. Elytra black,

mostly covered with black scales, but the suture is broadh' orange with

three equi-distant lateral projections of the same color, the first two of

which join sinuous white bands ; the posterior is obscurely connected with

an apical orange spot ; usually a distinct basal white spot. Body beneath

black, covered with white and orange scales. First abdominal segment

with two naked hollows, on each side of base, to receive the posterior

femora, last four with lateral black spots ; terminal segment with a large

median quadrilateral black space. Legs black or rufous, femora clothed

sparsely with white and yellow scales. Length .09-14 inch ; 2.2-3.5 mm.
(Figs. 66, 69.")

A common and widely distributed species, to be recognized by the eniar-

ginate eyes, large scales, and Ijroadly oval antennal club. The ornamenta-

tion varies greatly in color and arrangement. The entire color of the

upper surface may be altered, the orange in the sutural band may be

replaced by white, and the transverse bands may' become indistinct and

small, or again large and confluent.

Two varieties dependent on these changes are to be found in our fauna.
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Variety flavipes Lee. In this, yellow scales seem to have replaced the

hlack, on the heiul, on the disc of the thorax, between the sinuous bands

on the elytra, arranged in spots on the sides of the abdomen and in a

quadrilateral space on the last segment. Only a faint trace of white on

each side of anterior part of suture. The white l)ands are larger than in a

typical scrophularice, two large white spots near the apex, represent the

posterior lateral prolongation of the sutural orange, and the apical spot.

(Fig. 67.)

This variety I believe from the description given by Reitter to be the

variety albidus of BruUe, but I have not had the opportunity for compari-

son.

Variety thoracicus Mels. The scales on the upper surface are black as in

scrophularice, the orange suture may be present or replaced by white ; the

first and second transverse bands are large, confluent at the sides only, or

throughout their entire extent, forming a very wide sub-basal band.

(Fig. 58.)

A. varius Fabr. Ovate convex, black, clothed with yellow, white, and

black, fine, long scales. Elytra marked bj' a larger humeral ring, a trans-

verse sinuous band, and an apical spot of mixed yellow and white scales.

Head coarselj' punctate, covered with fine yellow scales. Eyes quite

prominent, entire ; antennae black or rufous, 11-jointed, first and second

joints large, globular, sub-equal ; 3-8 small, equal, compressed ;
9-11 forma

club which equals the preceding part of the antenna;, the last joint

decidedly larger than the other two. Thorax coarsely punctate, disc

sparsely clothed with yellow, sides and lobe of base covered with white

scales. Scutellum hardly discernible. Elytra black, coarsely punctate,

covered with black scales and ornamented with a large basal ring, a trans-

everse median sinuous band, and an apical spot of mixed white and yel-

low. Body beneath black, clothed with fine, long, yellowish- gray scales,

mixed at sides with yellow, first abdominal segment with a naked groove

on each side of base to receive the posterior femora, last four marked with

brownish-yellow spots at lateral margins ; only a faint spot of black in the

middle of the last segment. Legs black, femora covered with scales.

Length .07-.12 inch ; 1.7-3 mm. (Figs. 70, 71.)

The distinguishing characters of this species are the fine, naiTOw and
long scales which clothe it ; the entire, prominent eyes, the 3-jointed

elongate antennal club, and the almost uniform absence of a large black

spot at the last ventral segment. The markings on the elytra vary con-

siderably in different specimens, showing a series from a perfectly banded

to an obscurely mottled form. The insects are widely distributed and in

the larval stage are especially destructive to zoological collections.

A. museorum Linn. Oblong, brown, moderatelj- convex, covered with

black and yellowish-white, small, triangular scales. Elytra with black or

brown scales sparsely mixed with white, three indefinite, irregular bands
also white. Head covorcd with scales which are brown, around the eyes
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Tvhitisli. Eyes very prominent, entire. Ant'ennte brown, 8-jointecl ; first

joint is large, globular, 2-G small, longer than -wide, 7-8 forming the club,

longer than wide, equal, together not making up quite one-half the entire

antenna. Thorax covered with scale?, brown at disc, yellow and white at

the sides and base. Scutellum hardly seen. Elytra brown, coA-ered, not

densel)^ Avith brown and white scales, marked by tliree irregular indistinct

sinuous bands and humeral spot of white. Bodj^ beneath brown, covered

with small, triangular, cinereous scales, a row of black spots on each side

of abdomen, no naked hollows on the first segment, and a faint median

black spot on the last. Legs brown, femora clothed Avith whitish scales.

Length .06-.10 inch ; 1.5-2.5 mm. (Fig. 73.)

This species can be recognized b3- the entire eyes, the 8-jointed antennae,

and small triangular sparse scales.

A. clavieer Er. Ovate, convex, black, clothed with black, moderately

large, triangular scales. Elytra ornamented Avitli three faint, sinuous

bands and humeral spot of yellow scales. Head black, coarsely punctate,

scales black and yellowish. Eyes prominent, entire. Antennae 5-jointed ;

joints 1-2 large, globular, sub-equal, 3-4 very small and compressed, the

last more than three times as long as the other joints united ; rufous, last

joint darker. Thorax coarsel}"^ punctate, scales black at middle, yellow at

sides. Elytra black and piceous, very coarsely punctured, clothed with

black scales and with three equally separated, indistinct, interrupted, sin-

uous bands, and humeral spot of small yellow scales. Body beneath

black, covered with small sparse cinereous scales. Legs rufous. Length

.07 inch ; 3.7 mm. (Fig. 73.)

The smallest, darkest, and least conspicuously ornamented of any of

our species. The distinguishing characters are the 5-jointed antennae

with its 1-jointed club, the entire eyes, the small sparse scales, and tl/e

almost uniform color of the elytra.

Occurs in Pennsylvania.

APSECTUS Lee.

The one species upon which this genus is established, is the smallest

form found among our DermestidcB ; the head is wide, the epistoma short,

the ocellus distinct, the mouth parts protected by the prosternum. Eyes

very large, prominent, rounded, entire. Antennae as long as the thorax,

11-jointed, terminated by a slender, elongated, 3-juinted club. Thorax

twice as wide as long, sides flattened, lateral margins arcuate, hind angles

prominent ; base bisinuate, slightl.y lobed posteriorh'^ at middle. Scutel-

lum quite large. Elytra as wide as long, sides regularly oval, apical angles

not separately rounded. Antennal fossae not sharply defined, sub-marginal.

Prosternum lobed in front, narrow, moderately long, produced behind

between the anterior coxae, separating them widely, but broadly truncate

at tip, reaching the mesosternum which is short, three times as wide as

long and rounded in front. Mesocoxoe very widely separated. Posterior

PROC. .\>rER. PHTLOS. SOC. XX. 112. 2u. PRIXTED ACGUST 18, 1882,
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cnx!\l plate very short, moderately wide, but not attaining the sides. Legs

moderately stout, last joint of tarsus as long as the four preceding taken

together.

Tiiis genus closely resembles Trinodes, but the latter has the prosternum

prolonged sub-acutely beliind, entirely dividing the mesoslernuui, and

the anlennal cavities are wanting.

A. hispidus ^lels. Sub-oval, convex, black, covered with sparse, very

long, erect, brown hairs. Elj'tra brown or black. Head sparselj- pubes-

cent. Antennae ll-jointed, testaceous, club 3-jointed, darker. Thorax

sparseh' punctured and pubescent. Scutelluni naked. Elytra black or

rufous, coarsely, moderately sparsely punctate, pubescence sparse, very

long. IJody beneath light brown, pubescent. Abdomen coarsely punctate,

pubescence more dense. Lenglh .05 inch ; 1.5 mm. (Figs. 74, 77.)

Male. Aniennaj terminated by a JJ-jointed clul), of which the joints

1-2 are small, 3 half as long as the entire antenna. (Fig. 75.)

Female. Antenna; bearing a S-jointed club, the last joint of which is

equal to the two preceding taken togelher. (Fig. 70.)

In addition to the anatomical characters already given, we may recog-

nize the insect by the small size and long erect pubescence.

Occurs in the Middle and Southern States.

ORPHILUS Erichs.

Head with small but distinct ocellus. Eyes moderately prominent,

moderately. coarsely granulated, emarginatein front. Antennae ll-jointed,

bearing a 3 jointed club. Thorax very convex, nearh* as long as wide at

base, apex only one fourth as wide as the base, which is bi.sinuate, sides

arcuate, lateral margins nearly straight, only the posterior half can be

seen from above. Hind angles moderately prominent. Scutellum dis-

tinct. Sides of elytra nearl}' parallel, antennal cavities not well defined,

confined to the anterior half of spaces between prosternum and side mar-

gins, which space is marked just behind middle, with a deep pit to receive

the knee of the anterior leg, behind which is the usual transverse fossa for

the middle leg. (Fig. 82.) Prosternum small, declivous, produced behind

but not passing the anterior coxae, which are very large and approximated.

Mouth parts and pros'ernum covered by the anterior legs. Mesosternum
large, as broad as long, rounded in front, widely separating the mesocoxae.

(Fig. 80.) Hind coxae short and wide, reaching the sides of the body.

Coxal plates also wide, covering the anterior portion of the femur for its

entire length. (Fig. 81.) Femora very stout, attaining the sides, punc-

tured, channeled beneath for the tibiae, anterior libiie very broad and flat,

with a groove on the anterior surface to receive the tarsus. (Figs. 83, 84.)

The middle and posterior tibia; arc more slender. Tarsis moderately

slender, last joint equaling the four preceding added together.

The characters upon which to rely for u proper appreciation of this genus
are, the insignificant prosternum ; large, entire mesosternum ; the largo
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anterior leg.s protecting the mouth p<artp, the pits to receive the anterior

knees, the character of hind coxal plates and the almost eulire absence of

pubescence.

O. glabratus Fabr. Ovate, black, moderaleh' convex, shining, without

pubescence. Elytra uniformly black. Head coarsel}' punctate. Antennaj

rufous, 11-jointed, bearing a 3-jointed club which equals about one-half

the preceding part of the organ. Joints 1-2 moderately large, 3-8 small.

9 twice as long as any of the preceding and as wide as long, equaling

joint 10 ; the terminal joint is somewhat longer. Thorax coarseh' punc-

tate. Scutelliun with a few fine punctures. Elytra entirely black, very

coarsely pujictured, with a transvei"se depression across the basal third

and a faint vertical one on each side of the suture, on the apical half.

Body beneath black, coarsely punctate, abdomen rufous, lighter at the

edgesof the segments. Legsrufous. Length .12 inch ; 3mm. (Figs. 79, 80.)

There is but one species in our fauna, but the punctui-es on the thorax

vary considerablj" as to size and number, in the different specimens. AYhen
they are coarse and deep the insect is a true glabratus ; when less coarser

we may regard it as the variety ater Er., and when relatively fine as

the variety subnitidus Lee. There are no characters of suflicient value to

enable us to separate these forms into different species. The larger speci-

mens, the second variety by the waj', are from the Pacific, the smaller

from the Middle States.

Synonymy and Bibliography

.

Dermestid^e.

Sub-Family I ; Btturid^.

Btturus.

Latr. Free. car. Ins. 1796, p. 69.

unicolor Say. Journ. Acad. Phil., iii, p. 197.

americanus, Dej. Cat., 3d ed., p. 137.

grisescens Lee. Xew species, Col. 34, i, 1SG3.

Sub-Family II; Dermestid.*;—(genuini.)

LeConte Synopsis, Proc. Acad. Phil., 1854, p. 106.

Dermestes.
Linn. Syst. Nat. ii, 1767, p. 561.

marmoratus Say. Journ. Acad. Phil., iii, p. 197, Chevrol. Ann. Fr.

1863, p. 616.

var. Mannerluimi Lee, loc. cit., p. 107.

fasciatus Lee, loc. cit., p. 107.

murinus Linne, Faun. Suec, p. 144 ; Erich. Xat Ins., iii, p. 429.

caninus Germ., Ins., spec, nov., p. 84.

nubilus Say, Ins. of Louisana, 1832; Lee, loc. cit., p. 107.

dissector Kirby, Fauna. Bor. Am., iv, p. 115.

rattus Lee, loc. cit., p. 108.

talpinus Mann. Bull. Mose, 1843. ii, p. 257.
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sobrinus Lee, loc. cit., p. 108.

muooreus Lee; loc. cit., p. 108.

pulcher Loc, loc. cit., p. 108.

lardarius Linn., Faun. Suec, p. 140.

r ir. sijnatus Lee, Trans. Amer. Eat. Soc, 1874, p. 50.

elongatus Lee, loc. cit., p. 109.

caiaverinus Fabr., Syst. Ent., p. 55 ; ibid. Ent. ii, 9, p. 7, t. 2, f. 9, a-b.

vulpinus Fab., Spec. Ins. i, p. 64.; Lee, loc. cit., p. 109.

lupiaus ALinn., Bull. Mose, 1843, ii. p. 257.

maculatus DeGeer, Ins. iv, p. 223.

Attagenus.

• Latr. Gen. Crust, et Ins. ii, 1807, p. 32.

piceus Oliv., Ent. ii, 9, p. 10, t. 1, f. 4, ab.

dichrous Lee, loc. cil., p. 110.

megatoma Fabr., Ent. Syst., Suppl., p. 71.

rufipennk Lee, Proc. Acad. Phil., 1839, p. 71.

spurcus Lee, Synop., loc. cit., p. 109.

p3llio L'.nue, Fauna. Sue3., p. 141.

bipunctatus Deg., Ins. iv, p. 197.

Hornii, n. sp.

perplexus, n. sp.

varicolor, u. sp.

Dearthrus.

LeConte, Class. Col., X. Am., 1, 1861, p. 108.

longulus Lee, Xew Spec. Col., i, 1863, p. 73.

Perisiegatoma.

Horn, Trans. Amer. Ent. Soc, 1875, p. 135.

cylindricum Kby., Fauna Bor. Am., iv, p. 113, pi. 7, fig. 3 ; Horn, loc.

cit., p. 136.

var. angularis, Mann. Bull. Mose, 1853, iii, p. 216.

variegatum Horn, loc. cit., p. 136.

falaum Horn, loc. cit., p. 136.

Belfragei Lee, Trans. Amer. Ent. Soc, 1874, p. 49; Horn, loc. cit.,

p. 137.

AcoLPCs, n. g.

primus, n. sp.

Trogoderma.

Latr., Regn. Anim. Ed. 2, iv, 1829, p. 511.

simplex, n. sp.

sternale, n. sp.
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ornatum Say., Journ. Acad Phil, v, p. 185.

pusillam Lee, Syuop. loc. cit., p. 111.

iiiclusum Lee, loc. cit., p. 110.

palUpes Ziegl., Proc. Acad. Phil, ii., p. 269.

tarsale Mels., Proc. Acad. Phil, ii, p. 116.

Cryptorhopaltjm.

Guer., Ic. Regn. Aniin. Ins., 1838, p. 67.

balteatum Lee, Synop. loc. cit., p. 111.

haemoiThoidale Lee, Ann. Lye 1, p. 170. t. 11, f. 4.

apicale Mann., Bull. Mose, 1843, ii, p. 258.

rufi3orne Lee, Synop. loc. cit., p. 111.

triste Lee, 1. e, p. 111.

Y-dY. fusculum Lee, loc. cit., p. 111.

mgrj,corne Lee, Proc. Acad. Phil., 1861, p. 344.

piclcoriie Lee, Synop. loc. cit., p. 111.

AxixocERtJS, n. g.

atnericanus, n. sp.

Anthrenus.

GeoflFroy, Inst. Envir. Par. i, 1764, p. 113.

scrophulariae Linn., Syst. Nat. i, 2, p. 568.

\a.r. flavipes Lee, Synop., p. 112.

var. thoracicus Mels., Proc. Acad. Phil, ii, p. 117.

lepidus Lee, Synop. loc. cit., p. 112.

varius Fabr., Syst. Ent., p. GO.

A^ar. destructor Mels., loc. cit., p. 116.

museorum Linn., Fauna Suee, p. 145.

eastanecB Mels., loc. cit., p. 116.

claviger Er., Nat. Ins. iii, p. 458.

Apsectus.

LeConte, Proc. Acad. Phil., 1854, p. 113.

hispidus Melsh., Proc. Acad. Phil, ii, p. 117; Lee, loc. cit.

Orphilus.

Erich., Nat. Ins. iii, 1846, p. 461.

glabratus Fabr., Syst. El. i, p. 109 ; Er., loc. cit., p. 462.'

ater Erich., loc. cit., p. 463.

subnitidus Lee, Proc. Acad. Phil., 1861, p. 344.
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Explanation of Plate.

Underside of Byturus unicolor Say.

Posterior coxal plate of Byburus.

Tarsus of the same.

Antenna of Byturus unicolor Say.

Byturus grisescens Lee.

xVnti'ima of the same.

Antenna of Dermestes.

Underside of [jrotliorax of the same.

Posterior co.xal plate of the same.

Dermestes marmoratus Say
" fasciatus Lee.
" niurinus Linn.
" " var. caninus?
" lardarius Linn.

" var. signatus Lee.
" pulcher Lee.
" elongatus Lee.

Antenna of ^ Attagenus Homii, n. sp.
" $ same.
"

(^ Attagenus varicolor, n. sp.
" 9 same.
"

(^ Attagenus piceus Oliv.

9 same.

Attagenus Hornii, n. sp.

Proslornuin and mesosternum of the same.

Attagenus piceus Oliv. •
" varicolor, n. sp.

Prosternum and mesosternum of the same.

Attagenus pellio Linn.

Prosteriuuii and mesosternum of the same.

Dearthrus longulus Lee.

Proslernum and mesosternum of the same.

Antenna of 9 of the same.

Posterior coxal plate of Perimegatoma.

Underside of prolhorax of the same.

Elytral markings of the same.

Antenna of (^ Perimegatoma cylindricum Kby.

9 same.

(^ Perimegatoma variegatum Horn.

9 same.
"

(5^ Perimegatoma falsum Horn.
" 9 same.

(^ Perimegatoma Belfragei Lee.

9 same.

Fig
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Acolpus primus, n. sp.

Head and antennae of (^ Trogoderma ornata Say.

Antenna of 9 same.

Underside of head and prothorax of the same.

Prosternum and mesostemum of the same.
" " " Trogoderma sternale, n. sp,

Trogoderma simplefx, n. sp.

Underside of head and prothorax of the same.

Head and antennie of Trogoderma inclusum Lee.

Cryptorhopalum balteatum Lee.

Antenna of
(J' Cryptorhopalum haemorrhoidale Lee.

" 9 same.

Underside of prothorax of C. apicale Mann.
Antenna of (J'

same.
" same.

Thorax of Cryptorhopalum triste Lee.

Thorax of Cryptorhopalum ruficorne Lee.

Axinocerus americanvis, n. sp.

Antenna of tlie same.

Side view of the head and thorax of the same.
" " " " Anthrenus.

Anthrenus scrophulariae Linn.
" " var. flavipes Lee.
" " var. thoracicus Mels.

Antenna of the same.

Anthrenus varius Fahr.

Antenna of the same.
" Anthrenus museorum Linn.

Anthrenus claviger Er.

Apsectus hispidus Mels.

An'icnna of rf of the same.
" 9 of the same.

Prosternum and mesosternum of the same.

Orphilus glabratus Er.

Antenna of the same.

Mesosternum and femora' of the same.

Posterior coxal plate of the same.

Half of the underside of thorax of tlie same.

Anterior leg of the same, lower surfaee.

" " " " upper "

Fig.
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Stated Meeting, July SI, 1SS2.

Present, 3 members.

Dr. Cresson, in the Chair.

Letters of acknowledgment were received from Dr. B. A.

Gould of Cardova ; the Mu.'ee Guimet ; the Soc. Zoologique de

France ;
Koyal Irish Academy ; and Adelaide Observatory.

A request from the Meteorological Society of London, 1838-

40, was on motion granted.

On the President's recommendation it was ordered that the

Leander McCormick Observatory of Virginia University be

placed on the list of correspondents to receive the Proceedings,

A copy of Proceedings No. Ill, just published, was laid on

the txible for inspection.

The copy of Dr. G. B. "Wood's portrait in the University,

bv Miss M. W. Lesle}^, ordered by the Society, was exhibited.

Donations for the Library were received from the Asiatic

Society of Japan; the Natural History Societies at Einden,

Geneva and Bonn ; the Academies at Brussels, Turin and

Eome ;
Prof. E. Renevier, Lausanne ; the Soc. de Geographic

;

Prof Persifor Frazcr ; M. II. Brocard, of Paris ; the Socie'.e

Geographic Commerciale, Bordeaux ; the Eevista Euskara,

Pamplona; Royal Astronomical Society, Journal of Forestry

and Nature, and Messrs. William Tebb and G. J. Symons, of

London ; the Field Naturalist of Manchester
;
the Mitchell

Library of Glasgow ; the Literary and Historical Society of

Quebec ;. the Observatory at Yale College and Prof. E. Loom is;

Connecticut Academy ; American Journal of Science ; Essex

Institute ; Boston Society of Natural History ; Prof. W. M.

Davis ; American Journal of Medical Sciences ; Franklin Insti-

tute ;
Journal of Pharmacy, Library Company and Mercantile

Library at Philadelphia ; Prof J. S.Newberry; U. S. National

Mufeum ; Chief of Engineers; Coast Survey ;
Edward C. Pick-

ering; Historical and Geological Society at Wilkesbarre

;

Ohio Mechanics' Institute ; Antiquarian and Oriental Journal

;

Minnesota Academy, and Adelaide Observatory.
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Pending nominations Nos. 959 to 963 were read and balloted

for and the following were declared duly elected members:
Prof. Leon de Kosny, of Paris.

Hon. Edward Seve, Consul Gen. Belgium to U. S. A.
Mr. Joseph Snowden Bell, of Philadelphia.

M. Gaston Plante, of Paris.

Mr. Alexander Graham Bell, of Washington, D. C.

And the meeting was adjourned.

Stated Meeting^ August 18, 1882.

Present, 3 members.

Curator, Mr. Phillips, in the Chair.

Letters accepting membership were received from Mr. J.

Snowden Bell, dated Philadelphia, 913 Walnut Street, July

26, 1882.

From Mr. Alexander Graham Bell, dated McCurdy Cottage,

Newport, E. I., Aug. 7, 1882.

And from Mr. Leon de Eosny, dated Paris, No. -17 Avenue
du Quesne, Aug. 5, 1882.

Acknowledgments of the receipt of publications were re-

ceived from the R. A. Amsterdam (105, 106, 107, 108, List,

XV, iii); the Society at Wiirtemberg (107, 108, XV, iii) ; the

Zoological Society in Amsterdam (109) ; the London Statisti-

cal Society (109) ; the Geological Survey of Canada (110, 111);

the Maryland Historical Society (111); the Museum of Comp.
Zoology (111) and Mr. A. Agassiz (111).

Envoy letters were received from the R. A. Amsterdam

;

the Bib. Nat. Vitt. Em. at Rome ; and the Greenwich Observ-

atory.

Donations to the Library were received from the Frankfort

Zoological Garden ; the Vienna Anthropological, Geological,

Zoological and Meteorological Institutions ; the Berlin Acad-

J'ROC, AHER. PHILOS. SOC. XX. 113. 2y. PRINTED SEPT. G, 1882.
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emy and Geological and Horticultural Societies ; the Societies

at Stuttgand and Gottingen ; the two Academies in Rome, and

the R. Geological Commission; ttie Paris Museum N. H.,

Bureau of Longitudes, Annales des Mines, Ethnological, An-

thropological, Geographical and American Societies, Ecole

Polytechnique, International Congress of Orientalists, M. C.

Schnoebel, M. M. Loewy, and Revue Politique ; the Guimet

Museum at Lyons; the Geographical and Linnean Societies

at Bordeaux ; the Abbe\nlle Society of Emulation ; the

Brussels Academy and Statistical Commission ; the British

Association, the London Astronomical, Meteorological, Geo-

graphical, Geological, Zoological, Asiatic and Antiquarian

Societies ; the Greenwich Observatory ; the Edinburgh Royal

Society; the Cornwall Polytechnic Society; the Melbourne

Surveyors, and Inspectors of Mines; the Royal Society of

Canada at Ottawa; the Essex Institute; Am, Antiquarian

Society ; Museum of C. Zoology ; Am. Journal of Science

;

N. y. Meteorological Observatory; Long Island Historical

Society ; Franklin Institute ; Engineers' Club ; Journal of

Pharmacy ; Academy of N. S. of Philadelphia ; Johns Hop-

kins University ; U. S. Signal Bureau ; War Department

;

Census Bureau ; National Museum and Fish Commission.

The death of Gouverneur K. Warren, Lieu.-Col. U. S. A.,

at Newport, R. I., Aug. 8, 1882, was announced.

The death of Viscount De Rouge (the announcement of

which had been omitted) was ordered to be })laced on record.

Dr. Genth read a paper entitled "Contributions from the

Laboratory of the University of Pennsylvania. XX. Contri-

butions to Mineralogy."

New nominations Nos. 96^ 965, 966, 967, 968 were read;

and the meeting was adjourned.
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Contributions from the Laboratory op the University of

Pennsylvania.

No. XX.

CONTRIBUTIONS TO MINERALOGY.

By F. a. Gentii.

{Read before the American PhilosopMcal Society, August 18, 1882.)

I. In a paper, read before the American Philosophical Society on Sep-

tember 19th, 1873, I communicated some observations on the occurrence

of Corundum, and, especially, on its alteration into other minerals. Since

then I had an opportunity to examine many beautiful specimens of the

same kind, by which my views on the subject received the fullest confir-

mation. I was in hopes that I would be able to jirepare a second edition

of my paper, illustrated with carefully drawn figures of the most import-

ant and striking forms, but, finding that my time is too much taken up by
other duties, I fear that I shall never accomplish my desire, and, for this

reason, will place on record, as an appendix to my first paper, the de-

scription of a few very remarkable occurrences.*

* In his Handbuch der Mineralcliemie, 2 Auflage, Leipzig, 1875, Prof. C. F.

Kammelsberg repeatedly refers to the above investigation, but, unfortunately,
gives me credit for statements which I never liave made. As they are of too

much importance to remain uncontradicted, I will briefly allude to the most
striking.

On page 147 (Specieller Theil), he says that I came to tlie conclusion that " at

the time, when chrysolite changed into serpentine, corundum was formed, which,
subsequently, was altered into other minerals," while I simply state the fact that

the largest deposits of corundum occur in serpentine, or in chrysolite, or the

rocks immediately adjoining tlie same, and I do not even intimate that they
were formed at the time when the latter changed into the former, as they
occur equally in both ; that I do not suppose (as Prof. K. seems to believe) that

the alumina was eliminated from rocks which do not contain any appreciable
quantity of it, is, I should think, sufficiently indicated by my query, ''by what
agencies such enormous quantities of alumina could have been precipitated to

form corundum ?"

On page 137, in quoting some ot my analyses of the black spinels (ceylanites),

Prof. Rammelsberg remarks that their purity was very doubtful, and that besides

the It.Sl per cent, of corundum, which were eliminated dui'ing tlJe process of

analysis, it must contain 0.0 jicr cent, additional. If Prof. Rammelsberg had read

my paper witli the least attention, he would have found that 1 come pretty

nearly to the same conclusion, tor I say : ''that the most carefully selected ma-
terial still contained amechanical admixture of lo.J6 per cent, of corundum.'''' Uow
little Prot. R;immelsberg seems to ai)preciate the drift of the whole investiga-

tion, is proved by the tact that he attacks the purity of my mineral species,

when I never intended to publish these analyses as those of typical specimens
of spinel, but, on the contrary, as mixtures, still showing remnants of the origi-

nal species, and I distinctly say: ''This analysis, however, establishes the very

important fact of the mechanical admixture of corundum."
On page 182, Prof. Rammelsberg says :

" According to Hunt bauxite is changed
into corundum by strong ignition, and Genth thinks that this alteuatiox takes
PLACE AT oiiuiNAUT TEju'EUATUBK ALSO." Xow, the sccond part of the sentence



(ienth.] '^^-1
,

[August Is,

1. Corundum, altered into Spinel.

a. At the Carter Mine, in Madison county, N. C, corumlum is found

in white and pink crystals, but mostly in irregular grayish-white or white

cleavage masses, generallj'^ enveloping a variety' of a delicate pink color.

Where small cracks or fissures occur in the corundum, it can be observed,

sometimes only by a small dark line, that a change has coiomenced which

in many places extends through large masses, converting the corundum

into a massive greenish-black spinel, with uneven fracture, and of a fine

granular structure, rarely showing planes of octahedral crystals in the

compact mass. It yields a grayish-green powder and has a specific gravity

of 3.751. The spinel shows in manj^ cases small scales of prochlorite, into

which it finally passes.

With difficult
J'

I have selected some which was free from prochlorite,

but although the material appeared to be quite pure, it was found to con-

tain a small quantity of unaltered corundum = 1.15%. The following

are the results of my analysis (a), and after deducting silicic acid and

corundum (b), calculated composition (c).

a. b. c.

CG.74 -
- 1.34

- 0.09

- 0.33

- 0.22

11.94

19.34

Al.,03
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magnetic. It appears that this corundum has not been altered to a very

great extent, only a few specimens of blade spinel in irregular masses or

rounded, pj-ramidal forms have been found, besides these only very thin

yellowish or greenish, soft coatings, in very minute quantity, which may
be a potassium mica. I could not get enough for examination. The
spinel has an iron-black color, and is slightly magnetic. Its specific

gravity is = 4.05G.

Mr. George M. Lawrence has made an analysis of it in the Laboratory

of the University of Pennsylvania, and found, after deducting 1.47% of

silicic acid as follows (a) ; the calculated composition (b).
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locality we find occurring in small quantities, remnants of crystals of gray

corunduni, generally surrounded by a little silvery mica in tine scales, in

brownish-white or light brown cleavable feldspar, in masses sometimes

from 25 to 30"'™ in diameter. The feldspar shows distinct triclinic stria-

tion. The corundum, where it is in contact with the feldspar or the mi-

caceous coating, has a corroded appearance. The analysis gave :

SiO^
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c. The Presley Mine in Haywood county, N. C, has furnished some

very remarkable specimens of corundum, altered into feldspar as well as

mica (muscovitc).

a. The corundum at that Mine is generally of a grayish-blue color,

sometimes in large crystals, more or less altered into the two minerals

mentioned. Frequently in the interior of the crystals, when the altering

agents had access by fissures or otherwise, small patches of white, cleav-

able feldspar may be seen, often, but not always, surrounded by mica.

In other specimens, very little of the original mineral is left, and the gray-

ish blue, deeply striated nucleus of corundum is surrounded by an aureole

of exceedingly delicate, subfibrous mica (damourite) variable in thickness

from 1 to over 20""° in diameter. When in immediate contact with the

corundum the altered mineral is generally almost compact and scarcely

presents a crystalline structure, farther away from it, it becomes more

scaly, the scales increasing in quantity and size ; often large plates are

mixed with verj^ fine scales of mica. The color of the compact and sub-

fibrous mica is generally of a very delicate pink, but sometimes also white

with silky lustre ; the scales are mostly white with a yellowish or silver-

gray tint. Masses of such, partly altered corundum, of over ISO™"' in

diameter have been found, containing nuclei of nearly unaltered corun-

dum of from 10 to 100™™ in diameter, sometimes showing the beginning

of a change into mica and albite, where the alteration has been facilitated

by fissures.

/5. A very remarkable specimen from the same mine is an imperfect

crystal of muscovitc with plates of 3.5""" in diameter, showing three or

four sides of a six-sided prism. The upper and lower part of the original

crystal are broken off, but it is still over 50"™ in height. It has an

eminently basal cleavage, easily splits into thin elastic laminae and has

a 'brownish-gray color. In the center of the crystal and also in the

lower part are remnants of smooth, bluish-gray cleavable corundum

from 8 to 10""" in diameter. On the exterior portion of the muscovitc

are small quantities of albite.

Y- The alteration of corundum into muscovite and albite is perhaps

still better represented by a specimen, consisting of an imperfect crystal

of muscovite of a brownish-gray color, of over 80""" in diameter and a

thickness of 40™™, to which is attached, especially on one side, white,

cleavable albite. The whole specimen is over 150™™ long, about 85™™

broad and 45™™ thick. Disseminated through the mass, both the mica

and the feldspar, are remnants of crystals of grayish-blue corundum.

Generally there is a thin seam of mica between the corundum and feld-

spar, but, in many places, the latter is in immediate contact with the

corundum. The corundum shows distinctly the action of dissolving

agents, it is rounded, smooth, as, if waterworn, sometimes corrugated, etc.

The whole mass has the appearance of a coarse granite, in which the

quartz is replaced by corundum.
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The coruiulum olosol}- rpscmbles the coarse rrystuls which are asso-

ciated Avlth mica and feldspar at Ilmensk and the River Barsovka in

the Ural.

The analysis of the broadly foliated muscovite (c 1), that of the

albite (c 2).

d. Verj' interesting varieties of altered corundum have been discovered

by Mr. J. A. D. Stephenson of Statesville, K C, at Belt's Bridge, Iredell

county, X. C. The corundum has a gray and grayish-white color, and

occurs in masses, sometimes over a foot iu diameter, but generally

smaller ; they are irregular in form, always more or less rounded, some-

times globular, egg-shaped, rarely pyramidal and showing yet the crys-

talline form of corundum, but of the original mineral, many of the

globular masses do not contain a trace, others contain small particles,

disseminated through the mass, or a nucleus in the center. The altered

mineral is mostly mica (damourite) some of the specimens also contain

black tourmaline in radiating crystalline masses, which sometimes start

from the corundum nucleus, but not always. The mica is either compact,

of a grayish-white color or subfibrous (analysis (dl) by Miss 3Iaiy T.

Lewis, after deducting 3.51 of corundum), and very fine scaly with pearly

lustre, the scales rarely assume a size of more than 2""" in diameter. In

one of the specimens in which all the corundum has disappeared, I no-

ticed minute cavities, containing fragments of a vitreous mineral which

appears to be quartz, but the quantity was too small for further examina-

tion.

In connection with this, I will mention a specimen from tlie same lo-

cality, received by Col. Joseph Willcox. It appears to be a fragment of an

irregular hexagonal prism, a little over lOO'"'" high, and somewhat less

broad. The original form is scarcely perceptible, the sides being rounded

and rough. There is a core of unaltered gray corundum of G5 X 55™"

surrounded with subfibrous, and on the outside with scaly mica, inclosing

bunches of radiating, black tourmaline ; disseminated through the un-

altered corundum are many rounded masses of a brownish-red garnet

fcoTi 4 to 6""" in diameter, an association which I never before have

observed. The analysis of the subfil)rous mica, surrounding this corun-

dum, which has been made by ^Ir. Frank Prince shows that a portion

of the alkalies has been replaced by lime (d3).

e. In 1876 corandum was discovered in the micaceous schists near

Bradford, Coosa county, Alabama, of which numerous specimens have

been kindly presented to me by Dr. Eugene A. Smith, State Geologist of

Alabama.

It is usually found in hexagonal prisms, but also in pyramidal form,

apparently J-2, always, however, very rough and altered.

The corandum itself is of a brown and bronze color; sometimes ex

-

liibiting a star of six rays. Amongst the large number of specimens which

I have examined, I have never seen one which was free from an admix-
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ture of grains of menaccanite ; iu some of the crystals there were only a

few small ones, rarely over one millimetre in size, in others, the quantity,

disseminated through the corundum, is very large, and a great portion,

probably in the act of crystallization, has been pushed to the outside of

the corundum crystals, and gives them a coating of menaccanite, which

sometimes reaches a thickness of 5""". The menaccanite grains have no

distinct form, they have an iron-black color, and, on a fracture, submetallic

lustre, they are not magnetic, and gave the following composition :

TiOj = IT. 62

Fe^Oj — 67.36

AI2O3 = 3.73

FeO = 11.14

MgO = 0.27

SiO, = 0.41

100.53

The only alteration of this corundum which T have noticed, is that into

mica and small quantities of tourmaline, but the specimens which have

been obtained from this locality are the most beautiful and of great scien-

tific interest.

The brown corundum is surrounded with greenish-white subfibrous

mica, showing under a good magnifier a very fine scaly structure ; this

mica is sometimes only a very thin coating, but frequently from 2 to 5°""

in thickness, surrounded by fine scaly mica, much of which has changed

to brown scales with submetallic lustre, which largely exfoliate when heated,

like jetferisite or maconite. In some specimens the subfibrous mica peels

off and then shows the edges of the corundum rounded, and the whole
surfaces acted upon, as if by a solvent ; other specimens contain a core of

brown corundum with the star of six rays ; the corundum still shows the

rounded hexagonal form, but the subfibrous greenish-white mica forms a

ring around it with perfect hexagonal sides and sharp edges (analysis e),

the whole being imbedded in fine scaly mica schist. Where mau}^ of such

partly altered corundum crystals are crowded together in the mica schist,

the appearance reminds one of plum pudding.

Many of the corundum crystals are almost completely changed into

mica. Then they are often flattened out, and form irregular nodules in

the mica schist, having a whitish or greenish-white color, are fine scaly on
the surface (sometimes imbedding small slender crystals of black tourma-

line), but compact or very fine granular in the interior. On breaking, some
show yet minute traces of unaltered corundum ; others have not a trace of

it left, and have not the remotest resemblance to mica, but more the

appearance of a grayish white compact limestone. Analysis of the com-
pact mica (e2).

The menaccanite which was in the original mineral is also present in

the altered.

PROG. AMER. PHILOS. SOC. XX. 112. 2w. PBIXTED SEPT. 6, 1882.
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The analyses gave :

o 1 c 2 <l 1 d 2 el e 2

Spec. Grav
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b. At the Hogback Mine, Jackson county, N. C, most of the corundum
which is altered changes into muscovite, but margarite also occurs. It is

found with corundum, associated with an earthy yellowish mineral, like

that of Gainesville, Ga., mentioned in my first paper, in which it is im-

bedded in small white pearly scales, often fan-shaped and radiating from

a center. I had only a small quantity of not quite pure material, of which
I have made a partial analysis (b).

c. I have analyzed a specimen from Uuionville, Pa., which is quite

interesting :

—

The mass consists of a greenish-white, compact mineral, showing only

very slightly a fine granular structure. Interlaminated are very thin

micaceous strata; separating the compact mineral into layers ; the Avhole

inclosing a nucleus of unaltered gray corundum. The outside of the mass
is coated with a scaly mica, the individual scales varying from 1 to 2""" in

size, which is evidently the result of an alteration, showing in the first

place the change of corvmdum into compact margarite, and secondly, the

change of the latter into muscovite

.

The analysis of the margarite, as pure as can be selected, is given below
(c 1), but also a partial analysis of the resulting muscovite, but of material,

containing an admixture of margarite (c 2).

d. Very remarkable specimens of corundum, usually surrounded by
margarite have been found at Heudrick's farm, Iredell county, N. C. The
corundum occurs in hexagonal crystals, sometimes tapering, as if they

were very acute hexagonal pyramids, with basal plane. They are very

perfect and from 50 to ISo"""" in length, of a pale brownish or grayish-

white color. Many of the specimens contain numerous cavities which in

most cases are small and indistinct, so that it is difficult, if not impossible,

to suggest, what may have produced them, others show a hexagonal form,

but in one specimen, which contains larger cavities, some from 10 to 15°""

in size, very little doubt is left that the mineral which previously occu-

pied them was corundum in crystals showing a hexagonal pyramid and
prism.

The corundum from Heudrick's farm is always altered on the surface,

which is enveloped by a .coating of margarite, from 1 to 6°"" in thick-

ness. It is rarely subflbrous and fine scaly, but mostly compact and more
or less porous. It has some black tourmaline in small crystals or crystal-

line groups imbedded in it, and on its surface it is beginning to change
into muscovite. "Where the margarite is in contact with the corundum,
the latter has become rough and eaten. The analysis of the purest from
this locality gave me the results (d 1), a less pure specimen was analyzed
in the Laboratory of the University of Pennsylvania by Mr. Frank
Julian (d 2).
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b— el — c2 — dl — d2
Specific Gravity = — — 2.997 — — 3.004 —
SiOj = 29.07 — 34.10 — _ 82.o.t — 33.10

AiPs ^ 50.44 — 47.38 — — 48.87 — 52.20

Fe.fi^ = trace — 0.34 — — 0.60 — trace

MgO — 0.17 — — 0.23 —
CaO = ll.r,3 — 9.20 — — 10. 4S — H.44

Li^O = — tnuc — — trace — trace

Xa^O = 1.14 — 0.80 — 2.38 — 2.59

K^O = — 2.34 — 8.80 — 0.43 —
Ignition = G.G3 — 4.43 — 4.15 — 4.34 — 4.S5

Conuulum = — 0.54 — — —
99.04 — 99.88 — 101.18

.7. Corundum, altered into FlbroUte.

a. In my previous paper I mention an ob.servation by Prof. C. U.

Shepard that at the Falls of the Yantic near Norwich, Conn., small

crystals of sapphire are completely surrounded by fibrolite. Since then,

Prof. George J. Brush has kindly presented to me a specimen which
is quite interesting. It is a fibrolite of a brownish-white color, and shows,

if e.xamined with a strong lens, disseminated through the mas.s, numerous
particles or remnants of grayish-blue corundum from which the fibrolite

was formed ; but besides, there is implanted in the fibrolite, a small hexa-

gonal crystal of brown corundum 5""° long and 1.5™" thick, which
must have crystallized at the time when the fibrolite was formed.

b. Recently this rare alteration of corundum into fibrolite has been

found in numerous specimens at Shoup's Ford, Burke Co., X. C.

The corundum occurs in a mica schist in crystals, varying generally

between 20 and 75""" in length and from 10 to 45""" in thickness, it has

a brown or a bronze color and many crystals exhibit a star of six raj'S.

The crystals are frequently flattened, always altered on the surface, raVely

to a depth of 5"". The alteration consists of an aureole of very fine

fibrous and radiating white fibrolite.

It seems that subsequently the fibrolite underwent a partial alteration

into mica, as the mica schist in which the crystals are imbedded contains

still a large admixture of fibrolite.

c. I have very little doubt that the alteration, described by Sillem

(Jahrb. fiir Mineralogie, 1851, 385), of corundum into (/'^ar^s from Barsovka

in the Ural is really that mio fibrolite.

The altered mineral surrounds a core of unchanged corundum from
which it radiates.

My opinion is supported by the fact that Sillem's description of this

alteration is identical with mine of corundum into fibrolite; then, that

quartz very rarely assumes a radiating structure ; that fibrolite has nearly

the hardness of quartz ; and finally that his statement is not supported by
an analvsis.
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6. Corundum, altered into Cyamte.

a. In tlie gravel, two miles West of Statesville, Iredell Co., X. C, aa

interesting specimen has been fonnd, consisting of a nucleus of pink

colored corundum, around which is crystallized pale blue cyanite which

latter has evidently resulted from the alteration of corundum.

b. In some specimens which I have received since the publication of

my fii"st paper on corundum, I have observed that the coarsely-bladed

crystalline masses of cyanite from Wilkes county, N. C, resulting from

the alteration of corundum, are further changed into micaceous minerals.

They are very finely granular, scaly, and show the bladed structure and

cleavage of the original cj^anite, and between the lamina; minute scales

of mica and a little quartz.

They have a grayish to bi'ownish-white color, faint pearly lustre. H =
2.5. sp. gr. =• 2.920. The purest material has been analyzed by my son,

Mr. F. A. Genth, Jr., who found :

SiO. :=z 35.58

AI263 = 49.43

FCjOj = trace

3IgO = trace

CaO = 6.34

Xa^O = 2.11

K2O = 3.01

H,0 = 4.12

100.58

This analysis would con-espond to about 59 % of calcium-sodium -mica

(margarite), 29 % of potassium mica (muscovite), 9.7 % of unaltered

cyanite and about 2.6 ^ of quartz.

7. When were the Corundum Alterations formed ?

In many of the gravel beds in the Southern States, especially in North

Carolina and Georgia, corundum is frequently met with, very rarely asso-

ciated with diamonds, but generally with gold, zircon, monazite, xenotime,

brookite, octahedrite, rutile, menaccanite, chromite, magnetite, cyanite,

garnet, epidote, »&c.

The corundum is sometimes, but rarely found in crystals of the usual

form, mostly in fragments and cleavage pieces with very sharp edges and

angles, which hardly ever are water-worn. These fragments show that the

minerals have been broken by a very great force which had acted upon
them very rapidly. Many of these fragments give evidence that, at the time

when the corundum was broken up, a great portion of it had already under-

gone an alteration into other minerals. Tlie most frequent are muscovite,

mostly in fine scales, sometimes in subfibrous coatings ; some also show
feldspar, margarite, black spinel and tourmaline, and very rarely cyanite

,

usually containing a nucleus of corundum. The altered minerals, accord-
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ing to their luirdness are more or less wuter-woni and rouncled, -whilst the

corundum which they enclose is quite sharp and angular, Avhich fact

proves that, since the great gravel deposits were formed no alteration of the

corundum has taken place in these deposits.

U. Alteration of Orthoclase into Alhite.

Orthoclase changed into albite is undoubtedly one of the most interest-

ing alteration of one mineral into another. Numerous occurrences of it

have been observed in Europe, but I am not aware that it ever was no-

ticed in this country ; I will therefore give the description of an occur-

rence from the neighborhood of Philadelphia.

At the gneiss quarries of Upper Avondale, in Delaware county, Pa.,

druses have some time ago been found, which are lined with crystals of

albite, associated with those ofmuscovite, and rarely with beautiful, but very

minute, crystals of white beryl in hexagonal prisms and many pyramids,

small crystals and groups of black tourmaline and calcite in cleavage

masses and small scalenohedra, l^ and thin hexagonal plates, which had

so much the form of muscovite crystals that, at first, they were thought to

be pseudomorphs. Mr. Lewis Palmer, of Media, presented me with a

number of specimens.

The albite appears in short, stout colorless or white crystals, mostly in

twins, showing principally the planes I. 0. i-i. 2-1. i-3 and l-l. and 1; the

latter plane very small and indistinct. Many of the crystals are very

small and imperfect, and form a crystalline coating upon the cleavage

masses, either directly upon a flesh-colored orthoclase or a grayish-white

plagioclase intervening. I have analyzed perfectly colorless crystals (1).

Some of the specimens show conclusively that the albite is more recent

than the orthoclase, and results from the decomposition of the latter,

sometimes with the intermediate development of a plagioclase, and that

the crystals and crystalline masses of muscovite have resulted at the same

time, and contain the potassium oxide of the former orthoclase. The or-

thoclase which is associated with these albite crystals forms flesh-colored

cleavage masses, which on the cleavage planes are bright and lustrous.

The purest which with a strong lens appeared to be without admixture,

was examined by my son, Mr. F. A. Genth, Jr. In their sections under

the microscope it shows the rectangular reticulation characteristic of ortho-

clase, but disseminated through it, minute particles of plagioclase, giving

proof of an incipient alteration (2).

One specimen, particularly is quite interesting. It is a mass of coarse

cleavage particles of flesh-colored and white feldspars, with colorless

albite crystals in cavities and crystals and scaly aggregations of muscovite

and a little quartz. A cleavage crystal of flesh-colored orthoclase, espe-

cially on one side shows a rotten appearance, as if in part eaten away and

one of the edges and planes is replaced by a lining of alljite in the

form of an imperlect crystal made up by an aggregation of many small
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individuals, joined together. In other places the albite gradually pushes

itself, as it were, into the orthoclase, leaving in many instances only a

small nucleus of the flesh-colored feldspar in the Avhite.

In other instances there is between the orthoclase and the crystals of

albite a grayish or grayish-white cleavable feldspar with deep striation.

The analysis (3) shows it to be a mixture of albite with oligoclase, the

oxygen ratio between Rfi (RO) : Alfi^ : Si02 being = 1 : 3.1 : 10.6.

Although not in connection with the alteration of orthoclase into albite

and muscovite, I will mention that at the same locality orthoclase has also

been found in colorless crystals (4), and white cleavage masses (5) asso-

ciated with imperfect crystal of muscovite.

The analyses gave the following results :

Spec. Grav.

Si.,0

PA
Al.,03

MnO
MgO
CaO
BaO
Na,p
K.,0

Ignition

Crystals
of albite

2.G04

68.53

Orthoclase,
tiesh-red

cleavage
mass

2.555 —
64.53 —

Albite and
oligoclase,
cleavage
mass.

„ . , , Orthoclase,
Crystals of white
orthoclase.
colorless.

2.620 — 2.595

65.22 — 65.84

= 19.44 — 19.64

trace

0.25

0.16

21.44

0.20

trace

19.50 —

cleavage
mass.

2.572

• 65.03

0.08

19.32

— trace

— 3. 07 — trace —
— 0.08 —

0.33

11.43 —
0.65 — 13.63 —

0.71 —

9.36 — 3.93 — 1.71

1.16 — 10.69 — 14.18

0.58 — 0.22 — 0.13

100.03 100.68 100.03 — 100.26 100.67

Such alterations of orthoclase into albite occur not only in the quarries

of Upper Avondale ; «u the lower quarries at Leiperville similar facts can

be observed, although not so striking, many of the large orthoclase crys-

tals showing small patches of a thin coating of a white feldspar, albite or

oligoclase, in many places penetrating into the orthoclase to a consider-

able extent.

Oligoclase is very common in our gneissic rocks, often associated with

orthoclase, and very probably it is the result of the alteration of the

latter.

HI. Alteration of Talc into AntJiophyllite.

The suggestion which I made over 20 years ago (Am. Journ. So. [2]

XXX, 200), that the chrome and nickel-bearing serpentines have resulted

from the alteration of chrysolite, is, at present, I believe, generally ad-

mitted, since the numerous investigations of Tschermak, von Drasche,
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Grolh, Saudberger, and otliers, have established beyond doubt that this

change from the one mineral into the other is almost universal.

At that time I have also shown that at Webster, Jackson county, N.

C, a foliated talc has in a similar manner resulted from the alteration of

chrysolite. The latter alteration has since been observed in most of the

localities in the Southern States, where corundum deposits are found asso-

ciated with cluysolite rocks.

In Pennsylvania, where the unaltered chrysolite rock has never been ob-

served, a rock has been found which is its representative and contains the

same constituents, only in different proportions. In North Carolina the

granular chrysolite always contains small quantities of enstatite (bronzite),

in Pennsylvania on the contrary we have an enstatite (bronzite) rock, con-

taining small grains (from 5 to 10%) of chrysolite. It is best developed

a't Castle Rock, Delaware county, also near Wood's Chrome Mine in

Lancaster county.

lu all the chrysolite rocks small grains or crystals of chromite are dis-

seminated through the mass of the rock ; in the serpentine, which has re-

sulted from the alteration of the chrysolite, these crystals or grains are

still present and give evidence of the original mineral. This is also the

case with a peculiar variety of talc, the so-called "indurated talc," which

occurs a few hundred yards south-south-west from Castle Rock, Delaware

county. Pa. It is compact, with a strong lens shows a cryptocrystalline,

slight!}'- scaly structure, and an impure grayish-olive green color. II = 2.

Sp. Gr. = 2.789. Fracture splintery to subconchoidal ; dull.

The analysis gave :

Calculated:

61.92SiO.,
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of mottled black serpentine of about 800 feet, and fre(|uently imbedded in

the latter, m,'\sses of the same dark green serpentine. This immense bed

i)f serpentine, in its two varieties, rests upon chloritic slates, with numer-

ous crystals of magnetite in octabedm and twins, so called hemitroi)es.

and talc slates, and belOw these again occurs another, but smaller hed of

green serpentine of abt)Ut 180 feet in thickness, which like the other is

underlaid by chloritic and taloose slates, followed l)y a third bed of green

serpentine.

A titaniferous variety of magnetite is found in lenticular masses of vari-

ous sizes, intercalated between the green serpentine and is frequently

hounded on the hanging wall by chloritic slates.

The green serpentine is quarried for ornamental purposes as it admits of

:i very fine polish and can be obtained in many beautiful shades of light

and dark green.

The chloritic slate is generally of a very fine scaly structure, sometimes

the scales become larger, from O.o to 1'"'" in diameter on an average,

l>ut rarel}' reaching 3""".

At one locality in this large belt, a coarse scaly chlorite, immediately in

contact with talc slate, has disseminated through it numerous small octa-

hedra of talc, pseudomorphous after magnetite, an alteration, which, if I

am correct, has never been observed before. These crystals from 1 to 2'"™

in diameter are of a silvery-white color and pearly lustre, the scales are

arranged i)arallel to the octahedral planes, in the center is occasionally a

small nucleus of magnetite, sometimes associated with pulvei-ulcnt

limonite.

This alteration of magnetite crystals into talc is of importance in connec-

tion with the steatite bed of 12 to l.j feet in thickness, to which I have

above referred, because it shows that no good reason can be given to con-

tradict the proposition that an entire magnetite bed has disappeared and

has been replaced by steatite. This opinion is proved by the following

observations.

The steatite is of a white or greenish-white color, it has mostly an un-

even fracture, some seams in it, however, graduate into a slaty structure.

Cryptocrystalline, and showing, when powdered, to be composed of an

aggregate of exceedingly fine scales. Disseminated through the irJwh mass

are dark spots, from 0.1 to lO"^"" in diameter. Especially the larger ones

sometimes have a definite shape of squares or rJiomhs, or otlier forms, rep-

resenting sections of magnetite crystals. These dark spots of a dark gray

or iron-black color, are quite soft and can be reduced to a powder by the

nail of a finger, and consist of fine scaly talc, colored hy remnants of tTie

original magnetite, which frequently can be separated by a magnet, or

dissolved out by hydrochloric acid. That only a small number of the

dark spots show the form of sections of magnetite, whilst most of them
are without definite shape, shows that the original magnetite in the bed

was granular or compact, but had, as is very common, crystals of magne
tite disseminated through the whole mass.
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V. Gahnite.

a. Already in 1876, at the Centennial Exhibition, I observed, amonust

minerals from Western North Carolina, a specimen which was so unlike

any species with which I was familiar, that I was in doubt about its nature.

A little fragment of it which I afterwards received I put provisionally

under gahnite. About a year ago I recognized the same mineral again

amongst others which Mr. W. E. Hidden had collected in North Carolina,

who very kindly gave me some fragments for investigation, which proved

it to be gahnite.

Apparently without form, a fracture between splintery and conchoidai,

and of a very rich, dark green color, which can best be observed by trans-

mitted light. H = 7.5. Sp. Gr. = 4.576. The analysis is given below

(a), after deducting 0.09% SiO.^ and (a 2) the calculated results.

It occurs rarel}^ at the Deake ]\nca Mine, Mitchell Co., X. C. The
specimen at the Centennial Exhibition was about 4"^" long and 3"" broad

and, Avith an exception of thin micaceous coatings between fractures, was

free from admixtures ; Mr. lEidden's specimen was about 2 to 2.5'"" in

size, and was surrounded by a thin coating of about 1""" in thickness,

consisting of yellowish-white fine scaly muscovite, evidently the result of

alteration.

b. Last summer Mr. Charles E. Hall, of the Geological Survey of

Pennsylvania, brought me for determination a number of specimens from

the Cotopaxi Mine, Chaflfee county, Colorado, which were found to be

gahnite.

It occurs in large rough crystals, principally octahedra, some of the

crystals show also the dodecahedral plane ; the largest crystal which I

have seen has an octahedral edge of 9"'" in length ; the crj'Stals are often

distorted and flattened out by the enlargement of two opposite octahedral

planes. Besides containing inclosures of galenite, and, in smaller quantity

of chalcopyrite and pyrite, they are very much altered.

When in a pure state it has a dark blackish-green color, and an uneven

to subconchoidal fracture. The material for the analysis was very carefully

'selected, and first treated with sulphuric acid to remove the impurities, re-

sulting from its alteration. Mr. Harry F. Keller has analyzed it in the

Laboratory of the University of Pennsylvania, and obtained the results

(b), after deducting 1.85 percent, of silica
;
(b 1) are the results calculated

from the analysis :

a b a 1 b 1

A1./J, = 54.86 — 60.76 — CuAlA = <*-69 —
FePj = 4.50 — 0.58 — ZnAL^ = •'^6-^4 — 5;].y4

FeO = 1.14 — 4.56 — FeAlA = — 10-±4
MnO = 0.29 — — MnALA = 0.71 —
CuO = 0.30 — — MgAlA = 107 — 36.88
ZnO :=^ 38.05 — 23.77 — MgFep^ = 2.46 —
MgO — 0.79 — 10.33 — FeFe,0^ = 3.67 — 0.84

99.93 100.00 99.93 102.10
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The analysis a shows an excess of nearly 5 per cent, of alumina, which

is remarkable, as the separations in the analysis were most perfect. This

gahnite does not come from a corundum locality, and it is therefore im-

probable that any has been inclosed in it.

In Mr. Keller's analysis, 2.10 per cent, of alumina are wanting to form

spinel, RR.^O^.

c. Alterations of the Oahnitefrom Cotopaxi.

Even the best and purest specimens from this locality, which appear to

be quite fresh, show innumerable cracks, breaking them up into small

angular fragments.

a. In most instances these are coated with a white earthy mineral,

which dissolves in strong boiling hydrochloric acid. A qualitative analy-

sis shows this coating to be a hydrous silicate of alumina and magnesia,

and it is probably the same substance which in thicker coatings, has a

finely fibrous structure, a white or greenish-white color and silky lustre.

The thickest were not over 3°"" in thickness, and were very much
mixed with ferric oxide, and other impurities, some of them carbonates, as

dilute hydrochloric acid liberates carbon dioxide. Does not exfoliate on
ignition. The ignited mineral is readily decomposed by sulphuric acid.

The best material which I could obtain for analysis, although still very

impure, was suflaciently pure to determine the position in the system
where the mineral belongs. It was decomposed by sulphuric acid after

ignition, then the silica extracted by sodium hydrate, and separated from
this solution. About 6 per cent., insoluble in sulphuric acid and sodium
hydrate, mostly gahnite, were deducted, and the following results

obtained :

Ignition = 13.82

SiO. = 28.08

AlA = 18.20

Fe.,0,, = 4.32

Cub = ^ 0.82

PbO = 1.80

ZnO = 1.75

MgO = 29.85

98.64

Lead and zinc are probably present as carbonates, the ferric oxide as

such, if I therefore deduct these as impurities,, the following composition,
which places this mineral near ripidolite, will probably not be far from the

truth.

SiO^
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,5. Another alteration, shown by many of the crystals, is that into a

micaceous, chloritic mineral. It either forms a coating parallel with the

octahedral planes or penetrates the crystals irregularlj^ in every direction.

It lias a white, grayish- or greenisli-white color, is sectile and very little

elastic. On ignition it does not exfoliate, but turns silver-white. The
ignited mineral is easily decomposed by sulphuric acid. 0.2747 grms.

although not quite, but nearly pure, was all that I could obtain for

analysis, from which 0.0140 grms. insoluble in sulphuric acid and, sub-

sequently, in sodium hydrate was deducted as impurity. The results

were

:
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Associated with tlie yellow grains afe small crystals of a dark brown

iilmostblack tourmaline, small crystalline plates of menaccanite and color-

less or slightly yellowish and brownish-white zireons, the latter more or

less M-ater-woru, but showing the planes of the prism /, tlie pyramid 1 and

also less distinct, the planes of the pyramids ii, and .3."..

As it ii^ an impossibility to pick out enough of the ])ure yellow grains

for analysis. I made several unsuccessful attempts to analyze the mixture.

ami obtained by Pisani's method TiJ.075% of titanic oxide.

I had, at the expense of one ww^k's labor, picked out a little over two

milligrams of perfectly pure yellow grains, which Dr. G. A. Koenig had

the kindness to test by his colorimetric method, and pronounced to br

iihiwst pure titanic oxide, the yellow grains are therefore probably a va-

riety of rutile.

In the rock itself the yellow grains show the same sharp angular forms

above mentioned, whilst the zircons are water-worn. It appears' from

this that the rutile, tourmaline, mica and menaccanite crystallized or rather

separated when or after the itacolumite was deposited, whilst the zircons,

together with the quartz, are remnants of decomposed rocks, probably com-

ing from grannlites. In those of the South mountains, I have frequently

observed microscopic zircons, very similar in form to those in the Edge

Hill rocks. I may mention that Prof. Zirkel (Jahrb. f. Mineralogie, 1876,

!»0), has also detected microscopic zircons in the granulites of Saxony.

Artificial Rutile and OctaJiedrite.

Whilst decomposing some of the mixed yellow sands, containing about

80 '/c of rutile, by fusion with a rather small quantity of potassium hydro-

gen sulphate, I was interrupted in my work for several hours, so that the

greater portion of the potassium hydrogen sulphate was converted into

potassium sulphate. By dissolving in cold water most of the titanic oxide

went into solution, but I noticed a pale brownish, heavy, sandy substance,

wliich, under the microscope, appeared in very brilliant crystals of the

usual form of rutile /and ii, and pyramids 1 and li. One or two of the

crystals were twins. There were, perhaps, several hundred of rutile

crystals. Amongst these I observed two crystals of octahedritc which had

the acute pyramid 1 and a decided blue color.

Experiments which I subsequently made for the purpose of making

these artificial rutile crystals from pure titanic oxide were not very

successful ; although I have repeatedly obtained microscopic quadratic

forms, I never could get any distinct brilliant crystals.

Vrr. Sphalerite and Prehnite, from Cornwall, Lebanon Co., Pa.

ii. .'<phalerite.

About two years ago small crystals of a greenish mineral were discov-

ered by .Mr. E. E. Craumer, of Lebanon, Pa., associated with a white

crystalline coating upon the magnetite of the great Cornwall Ore Bank.
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Lebanon county, Pa. I am indebted to him and also to Mr. J. Taylor

Boyd, the General Superintendent of the Cornwall Ore Bank, for about a

dozen of these exceedingly rare crystals, which I have found to l)e spha-

lerite. Only two or three distinct crystals were obtained, which were

octahedra in hemitrope twins. Most of the crystals are very much dis-

torted or imperfect for want of space for their development.

In color, they are between asparagus-green, brownish-green and light

brow^n. Spec. grav. = 4.033.

The largest ciystals are between 4 and 5™" in size. They occur in cavi-

ties of magnetite and are associated with a peculiar variety of prehnite.

Avhich sometimes envelops the sphalerite, magnetite, pyrite and crystal-

lized chlorite, in small scales, frequently altered into a mineral resembliuii-

leidyitc, which also envelops the magnetite crystals. There is too little

of the latter for further examination.

The anal vses of the sphalerite crj'stals gave the following results :

1. 2.

S = 32.60 33.06

Zn = 66.47

Co = 0.34

Pe = 0.38

Co = 0.34
'.

66.96

99.88 100.02

h. Prehnite.

This occurs in crystalline incrustations upon magnetite, or as lining the

cavities of the same. They consist of minute crystals and groups of crjs-

tals showing the planes I, 0, and ii, forming frequently small globular,

coxcomb and fan-shaped aggregations, colorless, white, yellowish and
brownish-white. Sp. gr. = 3.042. The prehnite is the most recent fonna-

tion, its incrustations covering magnetite, sphalerite, pyrite, chlorite and
leidyite. The analysis of a carefully selected specimen gave :

SiO, = 42.40

AI263 = 20.88

FeA = 3.54

CaO = 27.02

H.,0 = 4.01

Alkalies and MgO = traces

99.85

Vni. Pyro'phyllite in Anthracite.

At the meeting ot the American Philosophical Society, of July 18th,

1879, I mentioned the very interesting occurrence of pyrophyllite in deli-

cately fibrous incrustations from the Buck Mountain seam near Mahanoy
City, Schuylkill county. Pa.

Identical in appearance and association it has latelv been observed bv
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Mr. Oswald J. Heinrich, near Drifton, Luzerne county, in the Tomhicken

Basin, which lies 75 feet above the Buck ^lountain seam.

Another variety of pyrophyllite, which has the appeamnce of kaolinitf.

has also been found by Mr. Heinrich, near Drifton and Gowen, in the Buck
Mountain seam. He has favored nie with the following data, relative to its

occurrence.

It is found principally in the upjier bank of the seam which has a thick-

ness of 5 to 6 feet and does not only occur in the planes of stratification

and fissures, but even in the most compact anthracite. It has accumu-

lated especially in layers or lenticular patches of from one-half to over one

inch in thickness in the slate bank which divides the upper from the lower

bank, and which has a thickness of from 8 to 15 inches, sometimes in-

closing a few inches of anthracite. It is white or yellowish-white, com-

pact, cryptocrystalline, slightly soils the fingers. Soft. Does not in the

least exfoliate or expand on strong ignition. Sp. gr. = 2.812.

Not decomposed by sulphuric acid. The analj^sis of that from Cross

Creek Colliery, near Drifton, Luzerne county, gave :

SiO., = 65.77

AlA = 29. 3G

Fe,03 =z 0.12

H,b = 4.85

100.10

IX. Berylfrom Alexander Co., N. C.

Many beautiful vriiieties of beryl have lately been found in Alexander

county, N. C, and Mr. Wm. Earl Hidden especially has brought to light

many of the most interesting specimens. To him I am indebted for a

fragment of a rounded pebble which has a slightly leek-green color, turn-

ing brown by oxidation. It has a pretty distinct cleavage in one tlirec-

tion. Its specific gravity was found to be = 2.703. The analysis proved

it to be beryl. It contained :

SiO, = 66.28

AlA = 18.60

BeA = 13.61

Feb = 0.22

Ignition, = 0.83

99.54

X. Allanite.

Mr. W. E. Hidden found in the " Hiddenite " vein, Alexander county,

N. C, associated with quartz, wliite orthoclase and little mica, small

brownish-red, brownish-yellow or light brown crystals, which have the

appearance of a partial decomposition or hydration, and a resinous lustre.
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Their analysis proved them to be allanite. Sp. gr. = 3.005. As the quan-

tity for examination was very small the cerium oxides were not sepa-

rated.

For comparison I give the analysis of a variety of allanite from the

Mica Mine of Balsam Gap in Buncombe Co., N. C, where it occurs in jet

black or brownish-black slender crystals, sometimes from six to twelve

inches in length (Minerals, &c. of North Carolina, Raleigh, 1881). Spec,

grav. = 3.400.—

Alexander Co. Balsam Gap.

SiO^ = 33.05 — 32.79

AI2O3 — 22.93 — 18.16

FeA = 11.04 — 1.64

FeO = — 10.08

MnO = 1.99 — 1.23

Ce,0, ) ^ j^g^
— 6.07

(DiLa)203S
— ^^-"^ — 14.40

YA = 0.85 — 1.84

MgO = 1.28 — 0.15

CaO = 9.43 — 10.95

Na^O = 0.54 — 0.33

K2O = 0.20 — 0.12

Ignition • = 3.64 — 1.89

98.76 99.65

XI. Niccolitefrom Colorado.

In the American Journal of Science [3] xxiii, 380, Mr. Malvern W.
lies mentions the occurrence of smaltite near Gothic, Gunnison Co., Colo-

rado, and gives an analysis of the same. He states that the Gem and
other mines near Silver Clifi, Colorado, contain a number of uickeliferous

minerals and a small amount of cobalt.

About two years ago I received fragments of niccolite from Colorado^

from some of my students, and about a year ago Mr. Henry A. Vezin sent

me a specimen from Silver Cliff, which was pure enough for examination.

It occurs in rounded or nodular masses disseminated through a granular

limestone, which has the appearance of dolomite, but contains only a very

small percentage of magnesia. In dissolving the limestone, the niccolite

remains in small irregular masses, partly made up by globulal* and

botryoidal aggregations with a crystalline black surface, showing the

crystals of niccolite to be exceedingly small and indistinct ; I have not

seen any in which the form could be made out. It has a very pale copper-

red color with a grayish tint. Sp. gr. = 7.314.

Associated with it in druses of the limestone are globular crystalline

groups of an apple-green mineral, which is probably an arseniate of nickel

but which has not the appearance or annabergite.

PROC. AMER. PHILOS. SOC. XX. 112. 2y. PRINTED NOV. 8, 1882.
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The analysis (if'tlie niccolite
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Stated Meetinfj^ September 7-", 188^.

Present, 4 members.

Vice-President, Dr. Le Conte, in the Chair.

M. Woldemar Xowalevski, member of the 1. Academy of

St. Petersburg, was introduced.

M. Edward Seve de Bar, accepted membership by letter,

dated Philadelphia, August 31, 1882.

The death of M. Liouville, at Paris, Sept. 9, was announced.

Acknowledgments of the receipt of publications were re-

ceived from the Ast. Gesell., Leipsig (109
)

; the Cincinnati

Observatory (109, 111) ; the Leop. Car. Gesell. Halle am
Saale (109) ; and the Free Public Library of "^ew Bedford

(111).

Requests for missing numbers were received from the

Leop. Car. Gesell. Halle am Saale (108, and pp. 483-498 of

) ; and from the Paris Geographical Society (XIV, ii,

and 62).

Donations for the Library were received from the Revista

Euskara ; Academy of St. Petersburg ; Ant. and Hist. So-

ciety at Copenhagen ; Academies at Amsterdam, Leiden,

Harlem, Batavia, Brussels and Munich ; Geographical So-

cieties at Paris and Bordeaux ; London Antiquarian Society

and Nature ; Cambridge University Library ; Hist. Societies

of New York and New Jersey ; James Hall ; Franklin In-

stitute, Journal of Pharmacy and Dr. J. B. Roberts ; U. S.

National Museum, Fish Commission, Census Bureau and

Coast Survey : Am. Chem. Journal, and Johns Hopkins

University; Ohio Mechanics Institute, and Davenport Acad-

emy of Sciences.

Mr. Cope exhibited and described some remarkable new
fossil forms from the Permian rocks of Texas, and commu-
nicated a " Third contribution to the history of the Verte-

brata of the Permian formation in Texas.'

'

The reading of nominations being dispensed with, the

meeting was adjourned.
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PhotodyiKtmic Notes, VI. By Pliny Earle Chase, LL.D.

{Read before the American Philosophical Society, October G, 1882.)

242. Stability of Harmonies.

In Note 220, I presented several reasons for believing that the mean
I)eriods of planetary rotation are stable. They are all dependent upon
more general principles wliich regulate the harmony of persistent oscilla-

tions in elastic^media, and consequent!}' furnish strong a priori presump-

tions against all hypotheses which seem, in any way, to conflict with har-

monic tendencies. The certainty (Note 213), which Proctor admits,

of Earth's having a pulsation period, with which its rotation must once

have begun to approach to synchronism, springs from a like source with

the harmonic tendencies in Jupiter's satellite system, and Laplace's

reasoning is equally applicable to both cases. The "pulsation period"

which is due to luminous vibration is constant, and if it should ever be

suddenly or greatly disturbed, rotation would immediately begin again to

approach to its normal synchronism. After the synchronism is once

reached, all the influences from which it originated continue to contribute

towards its perpetual maintenance.

243. Improbability of Delaunay's Hypothesis.

Xewcomb and Holden (Astronomy, p. 148) close their note on the secu-

lar acceleration of the Moon, as follows :
—"The present theory of accelera-

tion is, therefore, that the Moon is really accelerated about six seconds

in a century, and that the motion of the Earth on its axis is gradually

diminisliing at such a rate as to produce an apparent additional accelera-

tion which may range from two to six seconds." The former portion is

known to be cyclical, to be followed, after a long interval, by a corre-

sponding retardation ; there is not a particle of evidence to discredit the

probability that the latter portion is also cyclical. Neither is there a partv

cle of evidence that there is any tidal friction except at the shores of the

ocean, where anj' accelerating tendencies at one period are counterbal-

anced by retarding tendencies at another. The frictional hypothesis was a

gratuitous assumption, to explain a doubtful phenomenon, and although

the explanation would be satisfactory if the frictional retardation could be

proven, the assumption violates the ordinary rules of framing scientific

hypotheses so completely, that its chief claim for consideration rests upon
the reputation of its originator. On the other hand, the harmonic

hvpothesis makes no assumption ; starting from acknowledged facts and
principles, it asks what results may be reasonably anticipated, and there

are few, if any, modern researches, in which the anticipations have been

so abundantly verified. Even if we grant frictional retardation, there is

"no way of determining tlie amount of this retardation unless we assume
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that it causes the observed discrepancy between the theoretical and

observed accelerations of the Moon " {op. cit. p. 147).
I

244. Scientific Skepticism.

Hesitation in the acceptance of alleged results, in any new line of scien-

tific research, is an obvious duty on the part of those who are fitted and

expected to be on the watch against the promulgation of hasty general-

izations which would needlessly cumber the field of knowledge. There is

danger, however, that even faithful watchmen may sometimes hinder

scientific progress by failing to keep their skepticism within proper bounds.

The fact of harmony, and especially of coordinated harmony, transcends

all mathematical tests of probability. It would be a tedious, but not a

difficult task, to find in how many ways the letters of the Iliad could be

arranged, and it is often wrongly assumed* that in a purely accidental

arrangement of the letters, the faultless one would be as likely to take

place as any other. It would be no more absurd to inquire whether the

music of an orchestra might not be accidental, than to make a like inquiry

as to the rhythm of atoms and waves and spheres. When mathematical

tests confirm the probability that special forms of harmony are due to

special laws, as in phyllotactic, thermodynamic and fundamental atomici-

ties, they are useful ; but when they fail to give any reason for obvious ac-

cordances, as in Schuster's first examination of spectral lines (Xote 141),

they are utterly worthless unless they awaken further inquiries which lead

to satisfactory results, as in Schuster's final conclusions.

245. Centre of Dawning CondensfMion in the Terrestrial Belt.

The intrinsic probability that the major axis of the ]Moon's orbit is in-

variable, is greatly enhanced by the following proportion :

7*3 : (3 : : K^ : h^

Substituting the several known values, we have : r.^ = Earth's equa-

torial semi-diameter = 3962.8 miles; ^3= Laplace's terrestrial limit =
/86164.1\3
I >Qr>Q

Q
} r^\ ii, = Moon's semi-axis major = 60.2778 rj-, X3 = limit of

incipient belt-condensation z=R^l^^r^= l, 578, 217 miles. The oscillatory

value of Sun's mass (Note 23, etc.,) gives, for the ratio of Earth's subsi-

dence from the centre of the belt of greatest condensation, L^-r- p^^=-

1,578,217 H- 92,785,700 = .0170093, and for the dawning central locus of

the belt of greatest condensation, 1.0170093 ^3. The arithmetical mean
between Stockwell's estimates of Mercury's secular perihelion and the

secular aphelion of Mars is (.2974008 -f 1.736478) ---' 2 = 1.0169394 ^,3.

The difference between the two estimates is less than -^^^ of one per cent

* See Xote 252.
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•J4<'>. Peiidnluui Estti/iiite of Moon's Mass.

Ifi Note §, I anticipated slight modifications of my first estimate of

Moon's mass, as likely to be required by subsequent investigations. It

we applj' the principles Avhicli are involved in the coefficient of solar tor-

sion, Note 1G2, to the determination of the length of Earth's theoretical

pendulum, we find

/ f \-' 32.088
l^yi^.J = 50^ X (43082.05)* -^ -' = 1,142,882 miles.

From this equation we deduce tlic relative value of Moon's mass, //, by

tlic proportion,

pg : I : : m^ : ti

92,785,700 : 1,142,882 : : 81.1857 : 1

This estimate differs from the one in Note 8 by less than ^Jj- of one percent.

247. Rotation Estimate of Moon's Mass.

The conviction, which I have often expressed (Note 220, etc.), that

rotation is only modified revolution, is further strengthened by the follow-

ing considerations. The orbital velocity (»,) which the combined energies

of Earth and Moon tend to give to an equatorial particle which is nearest

to the Moon, is about 2.18 times as great as the velocity (Ca) which they

tend to give to the mean centre of gravity of Earth's oscillating particles.

The preponderating attraction of Earth prevents the action of these ten-

dencies, in anj' other way than as accelerating disturbances on the several

particles whose retarded and constrained revolution leads to axial rota-

tion. The greater acceleration, acting for a half-monthly oscillation {t^j,

gives the mean orbital velocity of the system [v^), while the smaller accel-

eration, acting for a half-daily oscillation, gives Earth's equatorial Telocity

of rotation {i\), as is shown by the proportion

%:v,::v^t^: v^ t^

18.4735 : .288183 : : 14.7652942 i\ : ^ v^

If we designate the distances of the respective particles from the centre

(jf gravity of the system by d^ and do, we have d^ Vo* = rf» v^* ; dg =
4.7514 d^. The theoretical mean intersections of d^ with Earth's sur-

face should be on the equator, and those of do should be on meridians,

but want of exact homogeneity, as well as orliital inclinations, maybe pre-

sumed slightly to modify their respective loci. The mean centre of gravity

of Earth's oscillatory particles is at the distance r from the surface, but

they are all also afi'ected by wave-lengths equivalent to d^, so that we have
dp = d^-\-r = 4.7514 d^. Hence r = 3.7514 d^ ; d^ =.26057 /• = 1056.35

miles ; d^ = 5019.15 m.; r — d^ = 2906.45 m. ; ^w, + /j. = (238,869 ~-

2906.45)
fj,
= 82.1858

fj.;
mj = 81.1858 a, a value which corresponds ex-

actly with the one in the foregoing note.



18«2.J
4UJ [Chase.

248. Harmonies of Central Condensation.

The superficial intersections of <#, in the foregoing note, describe cirek-

about the poles, which have diametrical arcs of 5° 10' 40", which ditlers

by only 2' from the inclination of the Moon's orbit. If we take IkSx-jX-").

the product of the first four phyllotactic numbers, us a divisor of Eartli's

diameter, calling tlie quotient a, we have the following appro.xiniate

accordances :

Harmonic. Observed,

4:u — 1056. 748 miles. d^ = 1056. 35 miles.

11 rt = 2906.057 " /-—d^ = 2906.45 "

15 « = 3962.805 " r = 3962.8

19 rt = 5019.553 " (Z^= 5019.15 "

7 a=z 1849.309 " r—2 d^ = 1850.10 "

The coefl[lcients of nodal division in the radius which is nearest the Moon,

(4, 11), are the second and fourth of the secondary phyllotactic numbers.

The coefficients in tlie remote radius, (8, 7), are the third phyllotactic

numbers in the primary and secondary series, or the artiad and perissad

divisors (Xotes 201-2,). It may be interesting to inquire whether tlu-

frequency and locality of earthquakes are affected by these nodal influences.

249. Pendulum Estimate of Earth' s Oilnteness.

The ratio of Earth's equatorial semi-diameter to its theoretical equatorial

l)endulum, or the corresponding ratio of v^^ to v^^, (square of limiting

orbital velocity to square of equatorial rotation-velocity), represents a cen-

trifugal force which would tend to produce oblateness in a liquid globe, to

maintain oblateness in a solidified globe, or to exert a constant pressure for

restoring oblateness, should it be temporarily disturbed in any way.

From the estimate of the theoretical pendulum in Note 246 we get

3962.8 : 1.142,882 : : 1 : 288.40

Bessels' estimate was 298.1528; Clarke's two estimates 291.36, 293.76:

Listing's (1878, cited by Newcomb and Holden, p. 202), 288.5. This ac-

cordance furnishes additional reasons tor believing that Earth's rotation

and Moon's mean distance are as invariable as planetary major axes.

250. Oscillatory Relations of Venus.

The masses of Venus and Earth are more nearly alike than those ol

Jupiter and Saturn. This is perhaps owing to their comparatively central

position in the belt of greatest condensation. The reasonable expectation

that their mutual actions and reactions should be rhythmical is strength-

ened by many harmonic relations, among which are the following :

1. If we divide Venus's mean locus of subsidence (mean aphelion) by

the product of the first four phyllotactic numbers, 1 X 2 X 3 X 5 = 30,



luul call the quotient n, we obtain
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251. Oscillatory Belations of Mercury.

The cardinal loci of Mercury show the following among other harmonic

relations :

1. The locus of Mercury's semi-axis major (.3871) is the rupturing locus

for Venus's locus of incipient subsidence : (i- of .7744 = .3872).

2. Mercury's incipient rupturing locus (.2974) indicates phyllotactic in-

fluence at Yenus's locus of incipient subsidence (.7744)

.2977 : .7741 : : 5 : 13.

3. Mercury's incipient rupturing locus (.2974) is also near the extremity

of the linear pendulum, which has Mars's incipient subsidence locus

(1.7365) for its point of suspension, and Venus's incipient subsidence locus

(.7744) for its centre of oscillation :

(3 X •'7T44 — 1.7365) -- 2= .2934.

4. If we divide Earth's semi-axis major by the phyllotactic product 2x3
X 3 X 13, we find approximate indications of Earth's harmonic influence

on Mercury's cardinal loci.

70 rt .298 Merc

75 a
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'2')'^>. Probability of Anticipated JResults.

It is not likely tiuit any one would ever think of attributing the angles

of crystals to accident, although it would not be so unreasonable to do so

as it would be to account for much closer harmonies in that way. The

laws of crystallization are obscure and almost wholly unknown, and yet

we are not slow in believing that there are such lavte, in spite of the

irregularities which were pointed out in Note 232. The laws of elasticity,

which lead to nodal action, are as well understood as any of the funda-

mental truths of physical science, yet there are many who fail to recognize

them, and who seem to think that no explanation is needed of the har-

monies which thrust themselves upon us on every hand. I am not aware

that any attempt has ever been made, by any one who believes in the pos-

sibility that connected harmonies maj'^ be merely accidental, to confirm his

belief by framing a series of such harmonies. In ordinary investigations,

the discovery of a single fact, through anticipations which are grounded

upon theoretical assumptions, is hailed as a wonderful scientific achieve-

ment. In the study of rhythmic elasticity such successful anticipations

may be endlessly multiplied before their importance becomes generally

understood. And yet each one of those verified anticipations lends a con-

firmation to the photodynamic hji-pothesis which is little, if any, short of

absolute certainty, and which cannot be measured by any ordinary test of

mathematical probability.

254. A Photodynamic "Problem of Three Bodies."

"We hafve now gathered, by strictly Baconian methods, all the facts

which are needed for framing and solving the following problem : To
find simple stellar, planetary and satellite relations of mass, position and

sethereal density, that will satisfy tendencies to the formation of three pri-

mary harmonic nodes, in an elastic medium which propagates undulations

with the velocity of light.

1. Xodal tendencies presuppose some deviations from absolute homo-

geneity, which lead to differences of direction and velocity in" the subsid-

ing particles, thus giving rise to oscillations which continvially incline to

take some form of sj'uchronism. As long as there is any liberty of motion

among the particles, those which are at the boundary line, between the

constraining inertia of central stellar nucleation and ajthereal impulse, will

oscillate with the greatest rapidity, tending to assume paths which will

alternately receive and exhaust the projectile energies of the aethereal

medium. Those energies cannot be comple'telj^ exhausted until enough
time has elapsed to communicate the velocity of light (,i\), to an sethereal

particle which is at rest at the beginning of the oscillation. The central

inertia makes the oscillations circular, changing free elliptic revolution

into constrained axial rotation, each oscillation of half-rotation occupying

a time (0 which gives gt =. c. ; (jt^ = modulus of light = M; J/-r- ;r' =
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length of a theoretical pemlulum, at the stellar equatorial surface, which
'». in

would swing synchronously with the I'otary oscillations ; r/ = —

The value of (j determines the mean orbital velocity, V(l^'n> f°^ ^^Y semi-

axis major, 1\^.

2. The actions and reactions, between the stellar centre and the primary

centre of planetary condensation (Note 23), involve tendencies towards

the linear centre of gravity (^), the centre of linear oscillation (^), the cen-

tre of conical oscillation, (,{), and centripetal accelerations which vary as

the fourth power of the velocity of circular orbital revolution. These ten-

dencies may all be satisfied by a stellar mass which is (2 x 3 x 4)* = 331-

776 times the mass of primary condensation.

8. The orbital control of the stellar centre is exercised on the planet and

satellite alike, at the mean distance ^3. If the planet transfers to the satel-

lite a projectile vis viva, Q,), corresponding to its superficial energy of rota-

tion (Note 246), the relative masses of the planet and satellite, which satisfy

their joint oscillatory relations and Sun's projectile energy, may be repre-

sented by the proportion :

255. Subordinate Tendencies.

There are other harmonic tendencies which seem likely to have been less

permanent and more open to modification. The following instances of

primitive tendency may be given as interesting

:

- 4. The radii of static equlibrium are inversely as the masses ; rupturing

vis vica is acquired by subsidence through ^ radius ; if the rupturing locus

of simple subsidence becomes a centre of linear oscillation for satellite

semi-axis major, p , we have

^^ : ?'3 : : f WI3 : 2
fj,.

5. The relations of sethereal density are found by the method of Note

240.

Notes 162, 23, and 246 give the following mass values which precisely

satisfy the first three of these requirements, viz : m^ = 331,776 m^ ; m^ =
81.186 /jr.. The fourth requirement points to the value, m^ = 80.372 /jt.

This slight discrepancy may, perhaps, be partlj^ owing to the fact that

Earth's oscillation is mainly rotational while Moon's is nearly that of a

circular pendulum.

256. Other Approximations to Moon's Mass.

a. The formula, mf' oc p^, gives the following approximations to the

value of /^ : (1 year -r- 1 lunar mo.)^ = 178.724
; (^3 -- p^^ ^ 58,609,000 ;

(m^ + 7W3) = 327,930 (m^ + p.) = 331,777 m^ ; m^= 86.241 ;/.

b. A close harmonic approximation is given by the proportion :

m., : fj. : : G t-, : t : : 2191.54 dy : 27.32166 dy : : 80.214 : 1.



Chase.] '^ J-"* [Oct. 6,

c. TliL- coefficiciil of ^j, in the above api»roxiiuation, is the phyllotactic

product, 1 X; 2 X 3. It is also very nearly equivalent to the square

root of the quotient of Laplace's solar limit by Sun's semi-diameter, which

would give, /«3= 80.019 p,.

d. The mass of !Mars is ver}' nearly a mean proportional between the

masses of Earth and Moon ;
(3,09:J,500 -- 331,776)=' = 86.938.

e. An approximation similar to b is given by the proportion :

month : day : : Wj : 3 // : : 81.965 : 3.

/. 3Ioon's locus of subsidence, or aphelion («), and the mass of Venus

(m^), furnish the following approximation :

?«2 : fi : : s : r^ : : 63.593 : 1.

Substituting the observed basis of the second approximation to jti.^ in Note

250, this gives, ?», = 82.119 //.

Many other approximations might doubtless be found which would

represent obvious harmonic tendencies within the belt of greatest conden-

sation.

257. Simplicity and Conciseness of Harmonic Calculus.

The range of estimates in the foregoing note is about 8| per cent., and

the mean of all the estimates is about 2 per cent, greater than the most

recent astronomical estimates. These deviations are four times as great as

in my extreme estimates of solar distance, and tAvelve times as great as

in the estimates which have been based upon the tS,test determinations of

the harmonic elements. If these approximations are compared with those

which had been made by astronomers, a hundred years after Xewton had

published the laws of gravitation, the indications of superiority in the har-

monic methods become very striking. The difficult}' of finding the har-

monic influences which are most important, is incomparably less than that

of determining the corresponding gravitating influences, and the saving of

labor is obvious to every one who has ever solved astronomical problems

by the ordinary processes of mathematical analysis. Doubts as to the

degree of certainty which attaches to purely harmonic results will natur-

ally arise, in the minds of those who have never carefully inquired

into the necessity of elastic rhythm, but I believe that such doubts will

gradually yield to the fast accumulating evidences of its universal sway.

Astronomical, chemical and mechanical science may all be challenged to

produce a series of connected fundamental determinations that are com-

parable, in precision and in intrinsic mathematical probability, with those

which are embodied in Xote 168 and in tlie three solutions of Note 254.

258. Needless Obscurity.

In Sir John Leslie's Dissertation on the Progress of Mathematical and

Physical Science {Encyc. Brit., 8th. Ed., i, 732), after referring to the

"maze of intricate and abstruse formulce" in which Laplace had involved

the phenomena of capillary attraction, the following reflections of Dr.
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Thomas Young are liiiotud :

— "It must bo confessed that, in this country,

the cultivation of the higher branches of the Mathematics, and the inven-

tion of new methods of calculation, cannot be too much recommended to

the generality of those who apply themselves to Xatural Philosophy ; but

it is equally true, on the other hand, that the first mathematicians on the

Continent have exerted great ingenuity in involving the plainest truths ot

mechanics in the intricacies of Algebraical formulas, and in some instances

have even lost sight of the real state of an investigation, by attending

only to the symbols, which they have employed for expressing its steps."

After this quotation Leslie proceeds as follows:—"Laplace's intricate

formula has been since unraveled by the acute discrimination of 3Ir.

Ivory, who disjoined it into two separate portions ; the one depending on
the adhesion of the watery film to the inside of the tube, and the other

resulting from half the cohesion of the particles of the liquid to each other.

But our ingenious countryman deduced these elements of the complete

force from the simplest physical principles, availing himself of the property

of equable diflFusion of pressure through the mass of a fluid. The same
investigation gave the measure and limits of depression observed in mer-

curj' and some other liquids."

259. Cooperatue Methods.

Since the invention of Hamilton's quatei'nions and Peirce's linear asso-

ciative algebras, the temptation for mathematicians to involve "the plain-

est truths of mechanics in the intricacies of algebraical formulas" has

greatly increased. The higher the algebra, the smaller is the number
who are able te understand it. While it may be no part of an investiga-

tor's duty to "popularize" science, no result can be rightly regarded as

belonging to the dominion of science until it has been so far popularized

as to be brought within the grasp of the majority of scientific men who
are willing to follow the several steps of the original investigation. Labor

which is expended on intricate solutions of problems which can be simply

deduced from "the property of equable diffusion of pressure through the

mass of a fluid," or from other properties of elastic media, is either labor

whollj"" wasted, or, at best, an exercise of ingenuity which serves as a

harmless recreation. On the other hand, the use of Avell-known physical

relations as clews for the discovery of coordinate relations, alternating

with analytical solutions of problems which are suggested bj^ such dis-

coveries, combines the advantages of theory and observation in ways
which are most helpful to scientific progress. Whenever anj' given result

may be reached bj' two or more different methods, the shortest and sim-

plest is always most commendable.

200. Lunar Mugnetic Polarization.

The relations between magnetic fluctuations and gravitating tendencies to

the restoration of equilibrium in disturbed atmosph(;ric or lethcrcul currents
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(Notes 116-122), are, as might reasonublj' have been foreseen, greatly modi-

fied by Sun's thermal activity. The moon, acting on the currents which

originate in Sun's thermal disturbance, shows accordances both in time and

magnitude (Note 121), which point stronglj', if not conclusivelj', to an ab-

solute identity between lunar disturbances of terrestrial magnetism and of

terrestrial gravitation. These jjointings are confirmed by the identity of

velocity, in the electro-magnetic "ratio," in the pendulum-oscillations of

solar rotation, and in the transmission of luminous undulations. The

symmetrical arrangement of aithereal particles which most simply repre-

sents the results of elastic pressure {Pi'oc. Amer. Phil. Soc, xii, 408), the

spiral tendencies of division in extreme and mean ratio, the rotation which

helps to maintain equilibrium between conflicting forces (Note 212), the

diflFerences of centrifugal and centripetal energy which result from rota-

tion, all contribute towards an axial polarity which should modify all

forms of chemical and mechanical aggregation. To these elements of

cyclical rhythm Moon adds her orbital disturbance of Earth's rotation

(Notes 247-8), which is so modified by orbital inclination as, to produce a

magnetic nutation. If we add to these considerations the oscillations of

Earth's crust, and other influences which lead to variations in the rela-

tive positions of areas of greatest heat and cold, we find data for many
interesting problems in mathematical analysis, the solution of which may
throw much light both on the normal and abnormal phenonvnn "*' terres-

trial magnetism.

261. Gravitating Modulus of Planetary Retolution.

The hypothesis that stellar rotation is merely retarded revolution, and

the exact correspondence between the time of rotary oscillation and the

time in which maximum gravitating acceleration would communicate the

velocity of light to an aethereal particle, suggest the likeliliood of other

moduli, which may be intimately connected with the solar-equatorial

modulus of light, and which may help us towards a fuller understanding

of fundamental kinetic relations. As the rotary oscillations are circular,

the simplest and most natural comparison would refer them to circular

revolutions of uniform velocity ; as all.orbital times and velocities are func-

tions of mass and distance, it seems right to begin by examining the

greatest possible limit of circular-orbital velocity d^'^oO' and the least pos-

sible limit of circular-orbital oscillatory time I if of revolution ^--\i!±' I.

The British Nautical Almanac value of », Note 75, gives t= ^ ^0= 5024.5

sec. ; (j^t = -i/g~r\, = .0019643 r„
; g„ t- = -'^

I = t:^ r„. The photody-

namic relations of this fundamental gravitating modulus, to the two chief

planetary loci, are shown by the approximate identity of t with the time

in which a luminous ray would traverse Jupiter's orbit or Saturn's mean
aphelion radius vector. Neptune's gravitating modulus, tt^ ^^_ represents
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the second supra-Xeptunian locus whicli I indicated in 1873, and which.

Forbes found to represent a group of cometary aphelion distances (Note

32).

262. Photodynamic Modulus of Planetary Revolution.

A mathematical friend, in whose judgment I place great confidence, ad-

mits the conclusiveness of the evidence in favor of paraboloidal harmony
in rupturing planetary loci (Xote46, etc.), but he thinks that the approxi-

mation to the locus of Alpha Centauri may be accidental. I am well

.aware of the difficulty, which every one natviralh' finds, in believing that

the seemingly quiet undulations of light should have any influence on
the relative po3itions of stellar systems. The remembrance that the vis

viva of action or reaction, for any given mass, varies as the square of oscil-

lating velocity, would show that if there is any physical influence which
controls interstellar arrangements, it should be the one which has the

greatest normal velocity. The parabolic energy which is manifested

within the solar system, both in approaching and in leaving the sun, must
be indefinitely extended, and the luminous undulations which it indicates

are equally extensive. The symmetrj' of the three-fold division in the

paraboloid, together with the fact that the uncertain tj' of stellar distance

is of the same order of magnitude as planetary eccentricities, excludes any
probable attribution of the stellar accordance to accidental coincidence.

The foregoing note furnishes additional grounds tor accepting all the har-

mfcnic relations of the photodynamic paraboloid as efiective. Since L,

CCt^ (Note 75), and L^ at r„ =^ tz^ l„^, at the gravitating modulus Tz'^r^, the

photodynamic modulus would be tzH^,,, its logarithm being 6 X .4971499 -\- 3

X 1.5606934 = 7.6649796. This is only .0013506 less than the logarithm

for the locus of a Centauri, as deduced from the corona line and the

British estimate of Sun's semi-diameter, indicating a difference of less than

f'jOfone per cent. It is, therefore, certain that the photodynamic mod-
ulus of Sun's gravitating modulus is in the neighborhood, if not in the ac-

tual locus, of the nearest known star.

263. A Chain of Photodynamic Harmonies.

If we designate the planetary locus which corresponds to the corona

line (Note 4p) by x; Jupiter's greatest eccentricity bj' y; and the theo-

retical locus of a Centauri hy z, the.following connected equations can all

be deduced from simple and obvious forms of elastic rhythm :

1. y = l — (1048.875 ~ 5.202798 n) = .06055 Note 3

2. m„ r= (2 X 3 X 4)* m, = 331776 m^ "23
3. x = T^ nr^= 460.61 r„ " 45

4. z : X : : m.y. m^ z = 461746300 ?•„ " 46

5. v^ = 2;r r„ «-^ -f- 1 year = .0006265013 r^ " 75

6. V„ = r «o (i„ -H O^ = .4313442 r„ " 75

7. V„ = 7ir„-v- 497.827 % = 214.735 " 75
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nate ^looii's mass and semi-axis major by )n and p^, this approximation

gives us the following proportion :

^\ '-ra
''• (tt

— l)«^o:^3•''•

Substituting m„ — 331776 m^, p^ = 92785700 miles, p^ = 2388G9 miles, we
get, ?«3 = 83.486 ???„. The values which were found in Notes 8 and 246

.seem likely to be sulyeet to fewer modifications than this, but every ad-

ditional indication of approximation to anticipated harmonies lends new
interest to the discussion of elastic influence and furnishes new material

for future analytic research.

266. Harmonic Tidal Cycles.

The tendency of the solar and lunar tidal disturbances to cyclic har-

mon,y, is shown by the approximate equality of the solar disturbance,

during the interval which would give terrestrial particles orbital velocity,

to the lunar disturbance, during a sidereal revolution about the Earth.

The approximation may be expressed by the equation :

m^ lyr .
»"„

"3 X ^_ = —i X 1 mo.
Ps '^- fa

Substituting the same values as in the foregoing note for m^, p^ and o^,

we get tne approximate value, m^ = 83.025»i . The closeness of these

various approximations may be attributed, with great likelihood, to

original influences of central-belt condensation, aided by the natural sta-

bility of harmonic oscillations which have once been set up. The slight

discrepancies between difterent estimates are probably owing to subordi-

nate rhythmic disturbances, such as nutation, precession, and other oscilla-

tions, the exact influence of which we may reasonably hope to understand

when we have a fuller knowledge of ajthereal elasticity.

267. Subterranean Tides.

My views regarding the influence of elasticity upon tidal adjustments,

(Proc. Amer. Ph. Soc, ix-xiv ; xvi, sq. ; Phot. Notes 215-8), are confirmed

by the subterranean tides in the flooded mines'at Dux, in Bohemia. In a

communication to del et Terre (copied in Ann. de Chim. et de Phys., xxv,

533-46), M. C. Lagrange cites the discussion, by Grablowitz {Boll, della

Soc. Adr. di Sci. Nat. in Trieste, vol. vi, fasc. I, 1880), of Klonne's obser-

vations. The observations seem to show conclusively that the ebb and
flow in the mines is due to combined solar and lunar action, but that it can

be satisfactorily explained only by the direct attraction of the two bodies

upon the solid mass of the Earth. Lagrange refers to previous investi-

gations, by himself and by George H. Darwin, which go to show that if

cosmical bodies have any elasticity, they must undergo continual and
periodic changes of form. Grablowitz infers that those changes should

lead to oscillations of various intensity', so as to produce mechanical

effects which difier according to the natui-e and degree of local elasticity,

I'ROC. AMER. PHILOS. SOC. XX. 112. 3a. PIIIKTED NOVEMBER 15, 1882.
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but subjected to invariiiblc hiws wbich arc regulated by the relative

movements of the disturbing bodies. Xaumann's tables (Handbuch der

CJicmie, 1877, pp. 34:0-59), show that if the whole Earth was a solid

diamond, or if it was composed of rocks which are least expansible,

the greatest quarter-daily tidal deformations would not involve an

amount of work equivalent to }p C. The spring tidal stress during six

° -|- —^ 1 q =^ G19 ft., which is enough to furnish many
Pi Pa/ "^

times the available force requisite for all the adjustments of sethereal elas-

ticity, freely moving particles, and internal work in the solid rocks.

268. " Conservation of Solar Energy."

The views of Dr. C. William Siemens suggest a consideration of the in-

fluence of solar rotation upon the {ethereal atmosphere, at various dis-

tances from Sun's centre. Laplace's limit, according to the data in Note

263, is at 36.35 r^. The centrifugal force of rotation at that limit would be

36.35^=^1321.3 times as great as at Sun's surface, while the centripetal

force of gavitation is only xjjrra times as great. The photograplis of the

solar eclipse which have been lately published {Yuture, April 20th, 1883),

indicate an atmospheric oblateness which may be due to the equilibrating

tendencies of these two opposing forces. If the rethereal disturbances

which result from this source are not sufiicient to account for luminous

and thermal vibrations, we may look still further to the velocity which

the subsiding particles would acquire in falling from the equatorial

limit to the poles. If there was no resistance, this velocity would be

(35.35 \-
og o~ X 2jr/' I = 376.8 miles per second. Any diminution of this

velocity by resist.ance would be converted into heat. If the mean limit

between the centrifugal and centripetal tendencies is in latitude SO-',

the mean diminution of velocity when the particles reach the polar zone,

would be .982 of 376.8 = 370 miles. If the mean time of accomplishing

the centrifugal and centripetal cycles is the same as the time of half-

rotary oscillation, the formula of torsional elasticity (Xote 162) provides

for radiations with the oscillatory velocity of light, and the general ten-

dency of nebulte to a discoid or flattened form gains a new significance.

-69. Another Test of Atomic Divisors.

In order lo nvoid all questions of absolute probability, in Notes 171,

201, 202, etc., I have computed (?i D — O) -^ D for all the elements in

Clarke's table except H, using Dj = 7 for the perissads, Dj = 8 for the

artiads, Dj = 1 for the hydrogen divisor. Adding the logarithms of

(« D — O) -f- D, I find for the perissads,

2'(forD,) = A To". 4692966

I (for D3) = B 2T. 9326580

A — B 1.5366386
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The aggregate prol)ability of tlie liydrogea divisor is, therefore, 84.406

times as great as that of the general perissad divisor, 7.

For the artiads

I (for Do) = C 4 5". 3906748

I (for D3) = D T8. 1502848
D —

C

• 6.7596100

The aggregate probability of the general artiad divisor, 8, is therefore

57492;}4 times as great as that of the hydrogen divisor.

For all the elements,

I (for Di and D,) = E 6T. 8599714

I (for D3) = F
"

5T. 0829428

F — E 5.2229714

The aggregate probability of the atmospheric divisors is, therefore,

167098 times as great as that of the hydrogen divisor.

Dividing the sums of the perissad, artiad and total logarithms by 20, 44,

64, respectively, we get for the mean values of (t^ D — O) ^- D, and for

the mean relative probability of phyllotactic influence.

Log.

Perissad, D, T. 0234648

D3 2". 9466329

Artiad, D., '2.9861517

DJ T. 1397792

Total, D„ D2 '2.9978121

D3 T. 0794210

The relative probability is found by dividing the mean accidental ratios

for 20, 44, and 64 numbers, with differences equally distributed, by the

antilogarithms, or observed ratios. The accidental ratios are .22607 for

the perissads, .20578 for the artiads, .19985 for the whole list of elements.

Some criticisms have been made upon my previous estimates of proba-

bility, whicli overlooked my demonstration that ordinary tests fail to show
probabilities which are known to exist (Xotes 145, 149), and my introduc-

tion of "the a priori probability of tendencj' to division in extreme and

mean ratio " (Note 171). As my object is to show the relative probability

of different divisors, and as it is impossible to know what weight should

be given to a priori considerations, the present method may be acceptable.

270. Fundamental Centrifugal and Centripetal Mass-Relations.

The influence of cardinal loci upon the relative masses at the chief centre

of nucleation ^nd at the chief centre of condensation, is shown by the

equation :

"-^^-^, = ^-
(1)

'"o ' I's

In this equation, ^3= Earth's semi-axis major = 1
; p-=: Jupiter's semi-

axis major = 5.202798 ; r„ = Sun's semi-diameter ; I = Laplace's solar

limit = 36.3658 ?•„ (See Note 75). This gives for Sun's mass, m^ =

Antilos.
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83^,153 THj, which is 1.32 per ceiil. gieatcr tliaii the I'stimate which is

based on rcciuiremcnts of oscillation and subsidence (Notes 5, 23, etc.).

If/o> /i designate the centrifugal force of rotation at r„, I, respectively, and

ffc 0\ represent the corresponding centripetal accelerations of gravity,

equation (1) may assume the form :

'«o (ii r^ 'Jo
^^^

Equation (1) is especially interesting for its bearing on the conservation
of solar energy (Note 2(58); equations (1) and (2) represent the equal
ratios of action and reaction between centripetal and centrifugal tenden-
cies, all the numerators having a centrifugal origin, while all the denomi-
nators are centripetal. Combining these equations with the equation of
Earth's photodynamic vis viva (Note 91), we get

(3)

Here also we have centrifugal numerators and centripetal d'^nominators,

together with photodynamic orbital relations of mass, distance, velocity,

rotation, revolution and condensation, which are veiy suggestive.

271. Perissad Belations of Nitrogen.

If we take the continued product, for all the elements, of the percentages
of D which represent (n D — O) -^ D, the hydrogen product is 69.208
times as great as for Gerber's empirical divisors, and 18178.47 times as great
as that for my phyllotactic fiictors (Note 136). While this is sufficient to

show the influence of phyllotactic tendencies, my comparisons of relative

probability have led me to the discovery of important modifications of these

tendencies by the abundant gases, H, N, O ; H being a representative
factor of the monatomic elements, i N for the tri and pentavalent, 8 II for

the di- and tetratomic, J,. O = .998 for the remaining metallic elements.
The effect of a slight difference in the divisor upon the residuals, as well as
my method of operation, may be illustrated by testing Gerber's divisor

(Di= 1.559) and my own (D.^ = ^ N — 1.558) on the tri- and pentavafent
elements:
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The logaritlnu of aggregate relative probability is TT.3223373 — TS-
.3104047 = 2.0119220; the log. of mean relative probability is '2.8135919

— 2'.5900450 = .2235469. Hence the aggregate relative probability of the

nitrogen divisor, P, -v- Pi = 102.783 ; the mean relative probability, p^ -r-

Pi = 1.G732.

272. Aggregate and Mean Ratio of Eesicluals to Atomic Divisors.

In the following table the logarithms for each group are computed after

the method of the foregoing note. The divisor for the first surd, Sj, is

^ (3—1/ 5) =.382 ; for the secondsurd, S,, Kl/ 5 — 1) = .618 ; for hydro-

gen, H= 1 ; for Gerber and Chase I, see Note 136 ; for Chase II, sec Note

269 ; for Chase III, see Note 271.

Group. So. Si. H. Gerber. Chase I. Chase II. Chase III.

Mouat. 8'..3393239 ^.5143370 T¥.2138579 TT.7186094 TT.628303S TT.401938G 1^.2138579

3ando. T.43I0096 S-.7210766 TlT .7187995 TT.322:3273 TT.3223273 "?.0673o80 13.3104047

2 and 4. TT.7492826 TT.6963491 T3-..5909435 ^^.8649303 2 3.6476134 ^3.3406987 ^3.3406987

Metal. 18.5073145 T?.1410255 ^3.5593397 is.3369171 ^0.2251388 ^^.0499751 3 2..5388218

Periss. T-J.770333.5 To.23.54136 ^^.9326574 ^.0409367 ^^.9506311 ^.4692906 a7.5242626

Artiad. 2^.2ia5971 3 3-.8373746 ^^".1502832 ^.2018474 43.8727522 ¥^.3906738 5^.8795205

Aggreg. ¥^.0269306 TT.0727S82 55.0829406 5T.2427841 6T.8233833 ^3'.8599704 T5.4037831

Mean, T.8441708 T.2667623 T.0794209 T.0506085 T.0128654 ^.9978120 ^.7719341

Rel. Ag. .0000000 4.9541424 16,9439900 18.7841465 21.2035478 22.1669602 36.6231475

Rel. M. .0000000 .0774085 .2647499 ,2935023 .3313054 .3463588 .5722-367

The aggregate residual ratio for Sj is more than 87,900,000,000,000,000

times as great as for hydrogen, and more than 4,199,000,000,000,000,000,-

000,000,000,000,000,000 times as- great as for the relations to H, N, O ; the

mean ratio is 1.8397 times as great as for H, and 3.7345 times as great as

for my second group of divisors. The aggregate hydrogen ratio is more

than 47,770,000,000,000,000,000 times as great as for my third group, the

mean ratio being 2.0299 times as great.
,

273. Comparison of Geometric and Arithmetic Residual Means.

The logarithms of the geometric mean residual ratios, for the several

groups, may be found by dividing the monatomic logarithms by 11, the

tri- and pentatomic by 9, the di- and tetratomic by 17, the metallic by 27.

Some questions of relative probability may be tested more readily by

arithmetical means, and for this reason as well as in order to preserve

additional evidence of phyllotactic influence, the following table is given.

All of my divisors were deduced from phyllotactic considerations ; the first

set shows the great superiority of my phyllotactic over Gerber's approxi-

mately phyllotactic divisors ; the second set introduces corresponding terms

of two phyllotactic series ; the third set has two divisors which are simply

phyllotactic (1, 8) and two which are products of phyllotactic ratios

(t6 =^2'^8'7=5^3)-
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Arithmetical. Geometrical.

Group. Sj. S,. H. G. d. Cj. Cg. .'io. Si. H. G. Ci. Cj. Cj.

Monat. .-.W \232 .21.1 .195 .171 '.205 .215 .201 .209 .08.5 .116 .114 .109 .085

3 and 5. .218 .225 .112 .096 .096 .186 .082 .186 .1.55 .0!).'? .Oft") .0ft5 .102 .039

2 and J. .2SS .221 .2U .144 .145 .137 .137 .219 .165 .124 .O.W .048 .046 .046

Metal. .268 .2-;9 .225 .246 .210 .227 .127 .225 .200 .148 .222 .185 .1.51 .068

Peris.<!. .220 .228 .I.S2 .150 .137 .172 .1.55 .194 .183 .088 .090 .089 .100 .060

Artiad. .276 .245 .220 .207 .20.'! .192 .131 .234 .186 .1:58 .125 .110 .097 .059

Aggreg. .261 .210 .209 .189 .183 .180 .139 .237 .185 .120 .112 .103 .099 .059

274. Some Consequences of ihb Identity of Luminous and Oratitating

Oscillation.

The sethereal particles, which are repelled from Sun's equator by the

centrifugal force oT rotation, "subside " spirallj' towards the poles, giving

rise to Amperian currents w'hich account for Ma.xwell's identification of

luminous and electromagnetic waves and yielding a mechanical equiva-

lent of 76,000,000 J for every pound of subsiding matter ; the axial

core of the spirals is the rod of the virtual solar pendulum (Xote 162) of

which the length and the radius of torsion are both determined by the solar

modulus of light ; the continual succession of spiral impulsions substitutes

uniform rotation for reciprocal oscillation ; the precise accordance between

the time of rotary oscillation and the time of acquiring or losing the

velocity of luminous projection, shows the equally precise agreement be-

tween centrifugal ajthereal action and centripetal gravitating reaction; the

combination of axial rotation with orbital revolution produces continual

shiftings of inertia! resistance which must be followed by continual re-

newals of a^thereal disturbance ; the perpetual maintenance of luminous

oscillation by influx, as well as by an equivalent efflux, removes "the re-

proach of Thermodynamics."

Such are a few of the obvious considerations .which are suggested by
the identity of luminous and gravitating oscillatory velocity at the centre

of the solar system. In subjecting them to the tests of mathematical

analysis, the equilibrating tendencies of centrifugal and centripetal action

sliould be studied with especial reference to three oblate spheroids, all of

which have the same poles as the Sun. Their equatorial loci are respec-

tively coincident with Laplace's limit (Se.Sor^), the virtual radius of

solar torsion (688.95;'o), and the solar.modulus of light (474657rJ.

275. Consideration of Some Objections^

Professor Geo. Fras. FitzGrerald {Nature, xxvi, 80) presents four ques-

tions in the way of objection to the hypothesis of the conservation of solar

energy by an average influx which is exactly equivalent to the average

efflux. The reply of Dr. Siemens may be supplemented by some addi-

tional considerations. " 1. How the interplanetary gases near the Sun
acquire a sufficient radial velocity to prevent their becoming a dense atmos-

phere around him?" The proportionality of centrifugal force to mass
would combine with the tendencies of ga.ieous diffusion and witli the in-
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creased molecular velocity of gaseous condensation, to maintain a constant

circulation of all the constituents ofthe solar atmosphere. "3. AVhy enorm-

ous atmospheres have not long ago become attached to the planets, notably

to the Moon ?" The reported discovery of a lunar atmosphere by Trepied

and Thollon, during the late solar eclipse, which is announced in the same
number as the question, gives an apt and timely confirmation of Wollas-

ton's views, which are cited by Siemens. "3. Why the earth has not

long ago been deluged when a constant stream of aqueous vapor that

would produce a rain of more than 30 inches per annum all over the

earth, must annually pass out past the earth in order to supply fuel to be
dissociated by the heat that annuallj^ passes the earth?" The average

annual rainfall of the whole globe is not accurately known, bitt there is

good reason to believe that it is very nearly, if not precisely, such as

would be required by the hypothesis. "4. Why we can see the stars

although most of the solar radiations are absorbed within some reason-

able distance of the Sun?" The prevalent thermodynamic hypotheses

suppose an unlimited power of absorbing radiant vis viva, without any
tangible evidence of such absorption. All that needs to be explained is

the maintenance of a uniform amount of tethereal oscillations in the uni-

verse. If the centrifugal and centripetal alternations of less elastic parti-

cles are linked with like alternations of more elastic particles, the actions

and reactions of elasticity and inertia may account for the operation and
stability of all physical laws.

27G. Influence of Explosive Oscillations on Radiant Energy.

The relations which I have pointed out between explosive oscillations

and planetary positions {Proc. Amer. Phil. Soc, xii, 392-417, et seg.),

should also influence the centrifugal and centripetal alternations within

Sun's photosphere. I have often shown that the photodynamic equality

of lurhinous and gravitating oscillations tends to drive all of Sun's parti-

cles towards the limit between aggregation and dissociation, so that a

slight external disturbance may turn the unstable equilibrium in either

direction. Berthelot's investigations (C. R. xciii. 613-9) of explosions in

gaseous compounds by detonating agents, have indicated the existence of

explosive waves which are quite distinct from simple waves of sound, and
have shown that compounds and explosive mixtures generally become
more sensitive to shocks as they near the temperature at which they begin

to decompose. Hence a meteor, or even a single molecule, which has ac-

quired a sufficient velocity of subsidence in its sunward fall, may explode

a gaseous compound which is in or near the nascent state, and the explo-

sion may react upon the falling mass or molecule so as to leave it in an
unstable equilibrium which is ready for explosion by the next like subsi-

dence. The locus of the virtual radius of solar torsion {ar^, Note 162) in

the asteroidal belt, makes the minor planets important outposts of explo-

sive oscillation in the second of the oblate spheroids to which I called atten-
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tion in Note 274, and opens a wide field for analytical research respectiug

the equilibrating tendencies between centripetal and centrifugal energy.

The stal>ility of major axes, in orbital revolution, is no more necessary

than the reciprocal equality of radiodynamic action and reaction in elastic

n„.,i;:i

- . ; Relations of Earth to tlier Asteroids.

Different portions of the asteroidal belt are so related to Earth's varying

positions as to share the influence, either directly or through the conver-

sion of oscillator}- vis vica into projectile vis Diva, of linear, spherical and

explosive centres of oscillation. One of these relations, which seems

specially .important and significant in connection with the maintenance

of solar energy, is found by dividing the virtual radius of solar torsion

{ar^ = 688.95ro) by Earth's mean radius vector (p^ = 214.45?'„). This

gives a relative distance of 1 -=- 3.2134, and a relative orbital velocity

of (3.2134 -- 1)^ = 1.792G -^ 1 at the chief centre of condensation

in the solar system, as compared with the orbital velocity at the ex-'

tremity of the radius of torsion. This is within about /j of one

per cent, of the ratio (1.8) of the tis viva of oscillating particles to

the vis viva of wave propagation, which was indicated by me in 1872

{Proc. Am. Phil. Soc, xii, 394), and by Maxwell in 1877 (Phil. Mag.

[5] iii., 453, J^- 209). A portion of this trifling difference may be ex-

plained by the gradual diminution of rethereal density upon receding

from stellar centres (Note 240).

278. Collateral Hypotheses.

In investigating the relations of centripetal and centrifugal action and

reaction, it seems desirable to consider and compare the following hypo-

theses and conclusions :

1. Laplace's estimate that the velocity of transmission, in gravitating

acceleration, is at least 100,000,000 times as great as that of light.

3. LeSage's hypothesis that gravitation and luminous undulation xeprer

sent equal actions and reactions.

3. Faraday's fruitless search for a gravitating constant which wouldj

satisfy his interpretation of the doctrine of conservation of energy.

4. Herschel's comparison of the mean vis viva of light, with that of

sound.

5. Weber's identification of the velocity of light (p.), with the "electro-

magnetic ratio " (ur).

6. Berthelot's "explosive waves," and their action upon sound waves.

7. The inquiries of Siemens into the combined influence of rotation, cen -

trifugal action, gravitating force, and chemical affinity.

8. The various attempts of Thomson, Rankine, Maxwell, Eddy, and

others, to escape the apparent consequences of the second law of thermo-

dynamics.
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270. Cosmical and Molecular Constant.

If there is a natural unit of force we may look for a natural unit of

velocity. The hypothesis that all the particles of bodies are in constant

motion, involves oscillation of various kinds, orbital, pendulous, or wave.

Different transformations of similar oscillations are harmonic. Rota-

tion may be regarded as a pendulous oscillation due to retarded and modi-

fied revolution. The resemblance of LeSage's theory to tiie kinetic

theory of gases points to a probability that the natural unit of velocity

is oscillatory. This probability is strengthened if we assume the ex-

istence of molecular and intermolecular elasticity. In looking to the

activities of the principal mass in our system for indications of a natural

unit of velocity, we find that gravitating velocities may be represented by
gt. In order that gt may be constant, t must vary inversely as g and,

therefore, directly as r^. This variation is found in the rotation of a

nebulous sphere, where it holds good for all stages of expansion or con-

tfaction which are not affected by external influence. Gravitating accelera-

tion should do its whole work in stellar rotation, as well as in planetary

revolution. Particles exposed to solar superficial gravitating acceleration,

during a single oscillation of half-rotation, would acquire a constant

velocity (gt= Vy) which is equivalent to the velocity of light. In other

words, the unit of velocity which is indicated by the combined constant of

solar gravitation and rotation is the same as is indicated by light and by
electricity.

280. Harmonious Development.

The velocity of light, like the velocity of sound, represents an elastic

atmosphere whose height, if homogeneous, would be twice the virtual fall

which would give the velocity in question. The analogy is enhanced by
the fact that the hypothetical elasticity of the luminiferous sether is in har-

monic accordance with solar rotation and planetary revolution. The-

identity of velocity

vl = Vs = Dy

represents three simple relations of light, electricity and gravitation. In-^

terpret this fact as we may, it is strongly suggestive of some interplay

between sun and matter outside of it, which has determined solar con-

stants. The invariability of v., by nebular contraction indicates the same-

determination for the present and for all future time. If Sun's mass and
magnitude are determined by cosmic causes, so that the solar system can

always be consFdered as undergoing a process of harmonious development,

the mass, rotation and other solar elements seem likely to be connected by
numerical relations, either with other bodies of the system or with cosmi-

cal or physical data.

281. A Fundamental Time-Integral.

Thomson and Tait {Nat. Phil., i, § 52) speak of the principle of har~

monic motion as one of "immense use, not only in ordinary kinetics, but-

PKOC. AMEK. PHIL08. SOC. XX. 112. 3b. PKUSXED NOVEMBER 24, 1882.
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in the theories of sound, light, heat, etc." Nearly all the results of my
physical investigations go to confirm 'he truth of this statement. The

velocity wliiph is involved in the time-integral of projection against a con-

stant gravitating retardation, is measured by (jt. The theory of the ballistic

pendulum assumes {op. cit., § 298) "that the ball and pendulum are mov-

ing on as one mass before the pendulum has been sensibly deflectedfrom the

vertical. This is the essential peculiarity of the apparatus. A sufficiently

great force might move it far from the vertical in a small fraction of its time

of vibration. But in order that the time-integral may have its simplest

application to such a case, the direction of the force would have continu-

ally to change so as to be always the same as that of the motion of the

block."

This is precisely the case in the identity of the foregoing note, accord-

ing to LeSage's hypothesis. The doctrine of correlation of force leads us

to look for the simplest forms ot harmonic motion at the centres of stellar

systems. The simplest value of t, in a harmony of luminous undulation

and stellar rotation, is that of a single oscillation of lialf-t-otalion. We
liave no means of knowing whether the identity, vl = Vt = vy, holds for

any system e.\cept our own, but its verification by our sun and Wk variety

of ways in which photodynamic harmonies are deduced are very signifi-

cant.

282. A Secondary Time-Integral.

The liarmonj' between Sun's constrained rotation and luminous undur

lation warrants an expectation of subordinate harmonies between sola-

and planetary motions. We may naturally look for the simplest relation

in some harmonic motions of Sun and Jupiter. Jupiter is at the nebular

centre of the sj'stem, on a diameter which is bounded by mean, loci of

Xeptune and Uranus, and the velocity which is involved in its time-inte-

gral of rotary oscillation, {gt), is nearly, and perhaps exactly, the same as

the limit of planetary velocity in a circular orbit {\/gr at Sun's surface).

Although planetary revolution at Sun's surface is impossible, the infiuences

which tend to produce it are continuous, and any wave motion which

maj' be thus produced is propagated with uniform velocity tlirough the

medium in which the waves originate. The uncertainties in regard to the

exact values of Earth's semiaxis major and the apparent semidiameter of

Sun and Jujiiter, introduce a range of uncertainty into the velocity of Ju-

piter's time integral, which amounts to about five per cent. Values may
be taken which are very near the mean values and which make the accord-

ance exact. Tliis accordance may, ptrhaps, lead to a special extension

and modification of George H. Darwin's beautiful investigations.

283. A TIdrd Time-Integral.

The centre which seems to hold the third rank in point of cosmical im-

portance, in the solar system, is the centre of the belt of greatest conden-

sation, which is represented by Earth's orbit. The velocity which is in-
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volved in its time-integral of rotary oscillation is slightly less than Jupi-

ter's corresponding velocity, being almost, or quite identical with plane-

tary velocity at the mean centre of gravity of Sun and Jupiter. These suc-

cessive accordances furnish data for a second " photodynaraic problem of

three bodies," which is, perhaps, even more remarliahle than the one given

in Note 254. The importance of the combined harmonies may be shown
by a simple recapitulation of the several harmonic velocities/ viz. : 1. The
identity of Note 280 ; 2. The velocities which correspond with tlie respec-

tive time-integrals of rotary oscillation for the chief centre of nuclcation

(Sun), the centre of nebulosity (Jupiter), and the chief centre of conden-

sation (Earth) ; 3. The limiting velocity of circular orbital revolution in

the system ; 4. The velocity of circular orbital revolution at the centre of

gravity of Sun and Jupiter.

284. Instantaneous Action.

The case of gravitating action and re-action betw^een Moon and Eartli

{Thomson and Tait, § 276)* is the one which led Laplace to his highest

estimate of the velocity of gravitating transmission and to suppose tliat

the transmission might be absolutely instantaneous. K is also the case

which led Adams {lb. § 830) to the discovery of Laplace's error respecting

the theoretical invariability of the mean sidereal day and to the subsequent

discussions of tidal friction and retardation. That there is such a thing as

instantaneous action is so generally believed that it seems desirable that

attempts should be made to furnish some physical representation of its

possibility and to demonstrate its influence upon adjustments of equilib-

rium in cosmical actions and reactions. If frictional accelerations in one por-

tion of a rotating globe can be compensated by frictional retardations in

another, or if elasticity (Note 217) aids tidal tendency and wave propaga-

tion in making the instantaneous changes which are required by tidal

action, our tidal theories heed careful revision. The facts of harmonic
relation which are found on all sides, indicate activities which have been
at work in all time, and they should not be ignored for any merely theo-

retical considerations.

285. " Harmonic Analysis of Tidal Observations."

At the last meeting of the British Association, a special grant of £50 was
made to Mr. George H. Darwin, for a Harmonic Analysis of Tidal Obser-

vations. Mr. Darwin's success in developing Sir "William Thomson's
views upon cosmical viscosity, and the beauty otmany of his results, give

assurance of valuable additions to human knowledge from any w^ork that

he may undertake. The accuracy of the conclusions which he has already

drawn from Delaunay's hypothesis, is unquestionable. My criticisms

("Notes 215-225) upon Prof. Ball's use of those conclusions, were based

upon the fact that they did not adequately represent all the elements of

the questions which were involved, the laws of intermolecular elasticity

and harmonic motion having been almost entirely overlooked. In the

absence of any positive evidence of tidal retardation, we have no right to
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jump at the conclusion that it is estnblislied by the second law of thermo-

dynamics. The "reproach " which that law involves is increasingly felt

by able investigators (Note 278, 8), and even if it should at last be unani-

mously admitted that the reproach is unavoidable, it is more satisfactory

to suppose a continual restoration of energy by divine supervision, than

to believe in the spasmodic alternations of rest and activity, which are

taught in the Hindoo mythology.

28G. Refraction of Energy.

The important cosmical time-integrals and the triple identity of funda-

mental velocities (Notes, 280-3), seem to be indicative of a continual

equivalence of centripetal and centrifugal activities, such as LeSage made

the basis of his hypothesis ; the rotation of stellar centr<;s serving both to

maintain the active energies of the universe and to provide cyclical ad-

justments of equilibrium. The apparent requirements of thermo-dy-

namics may, perhaps, be partially satisfied by the probability that the

aUhereal atmosphere of every star has a relatively hot and a relatively

cold hemisphere. It seems possible that all radiations, luminous, thermal,

electrical, or kinetic in any other form, may be so refracted, in their pas-

sage through the various stellar atmospheres, as to be either reflected

from star to star, or transiently absorbed by media which can speedily be

enabled, by stellar rotation, to give them out again.

287. Another Phyllotactic Atomic Divisor.

Tlie di- and tetratomic group of chemical elements can be more nearly

represented by the phyllotactic divisor | C = 7.9824, than by 8 H (Notes,

271-2).
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288. Another Basi'ifor EstinKites of Probability.

The substitution of g C for ^ O or 8 H, in Notes 271-2, not only introduces

another evidence of phyllotactic influence upon atomicity, but it also shows

that the organic elements, C, H, O, N, stand in important phyllotactic

relations to four fundamental groups of elements. If we omit C from the

comparison, the remaining elements of the di- and tetratomic group give
"2 .47682 for their logarithm of mean residual. The respective residuals

themselves are .035382) and .02998Z). I have already considered various

probabilities, which were based on Schuster's estimates, as well as rela-

tive probabilities which are independent of any absolute estimates. An-
other satisfactory basis of comparison may be found in the mean limiting

value of the. residual, cc-nl) = ~ 40^,-4 (2~1>) 20, when the possible re-

siduals are taken in arithmetical progression. If all possible values are

thus taken, in other words, if the number of terms is infinite, the second
B

factor becomes unity and the limiting value is - 4,0^-4 = .18394Z>. This

is 5.2 times as great as the first of the above mean residuals , or 6.135 times

as great as the second.

289. Resume, of PJiyllotnctic Atomicity.

The most satisfactory phyllotactic divisors for the four elementary

groups, as indicated by the foregoing notes, are the following : «, for the

monatomic group, H= 1 == |.| ; /?, for the tri- and pentavalent group,
^.i N = 1.558

; r, for the di- and tetratomic group, | (7=^0 = 82?=
7.9824; 8, for the residuary metallic group, k-i =|7' = .998. The
comparative residual percentages, as deduced from Note 272, and from

these divisors are given in the table below :
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Other (Xote 281), together with the various physical tendencies to division

in extreme and mean ratio (Notes 135, etc.), which makephyllotaxya sim-

ple form of liarmony, seem likely to turn the scale largely on the side of

its present leaning, so as to make the fact of atomic phyllotaxy more and

more evident with each successive increase of precision in atomic measure-

ments. While the mean probability of the hydrogen unit, under the most

favorable aspect, is 1.93 times as great as that of any divisor taken at

random, the mean probability of the phyllotactic divisors, under the least

favorable aspect, is 1.845 times as great as that of hydrogen. If my di-

visors, like Gerber's, had been purely empirical, there would have been

more reason to think that they might lose credit with increased precision

of determination, but even then it would be strange if so large a relative

advantage were entirely overcome. The successive discoveries that Ger-

ber's divisors are approximately phyllotactic, that their significance is in-

creased by making them exactly phyllotactic, and that the most satisfac-

tory divisors which have yet been found stand in simple phj^llotactic rela-

tions to the four ftmdamental organic elements, furnish no ground for ex-

pecting any future reversal or weakening of the harmonic indications

which I have already set forth.

293. Photodynamic Precession.

To the many harmonic evidences of photodynamic action and reaction

between the chief centres of nucleation and of condensation, Sun and

Earth, may be added one which serves to illustrate and extend the princi-

ples that are involved in my first " photodynamic problem of three bodies"

('Note 254). If we suppose the photodynamic rotating influence on the

sethereal sphere, at the equatorial locus of Sun's modulus of light

(47402Bro ; Note 263), to be such as would give planetary velocity at the

same locus, the time of rotation would be (474028-T-214. 73)^=108721 years.

If nebular condensation were to begin at that locus and proceed until the

primitive velocity of the locus would tend, through viscosity, to become

parabolic, the nucleal radius would be reduced to one-half and the time of

rotation to one-fourth of the primitive values. The period, or "great

year," which is thus indicated (25930.25 years), is virtually identical with

a complete revolution of the equinoxes, Avhich Herschel estimates at

25,§68 years ; Stockwell at 25,694 8 ± 281.2 years ;* Newcomb and Hol-

den "about 25,800 years." This accordance furnishes another reason for

believing, with Laplace, in the stability of the physical universe, rather

than in the ultimate stagnation which seems to be indicated by the ques-

tionable second law of thermodynamics.

294. Harmonic Rotation of Earth and Moon.

The improbability of Delaunay's hypothesis is further increased by har-

monies of rotation which involve the conjoint action of Sun, Earth and

3Ioon.

* The differences from the mean value being due to secular inequalities.
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By taking the rotatin;^ locus of the linear centre of oscillation, for La-

place's terrestrial limit, I, we find that the velocity of rotation at ^ I is vir-

tually identical with Moon's mean velocity of revolution. Let I = nr^ ;

then t = 2r
V"*'*"' = 8C164.1 seconds ; n = G.G0704 ; ^ i = 2.20235r,

;

"
ill

velocity of rotation at \l=^ 4.404(59 rrr., per sidereal day, or 4.41675 —r,

per mean solar day. If this is Moon's mean orbital velocity, the circum-

ference of her orbit is (27.321661 X 4.41675 == 120.673) rJ\ Moon's or-

bital eccentricity being .0549081, her orbit is .999246 X 2 "a and a= 60.382

r,. Proctor's estimate is 60.263 7-3 ; Littrow's, 60.278 r., ; Newcomb's

60.639 ?-3. See, also, Note 296.

295. Spectrum of Comet Wells.

Huggins (JVature, June 22, 1883, p. 179) gives a band spectrum, with

measured wave-lengths for the brightest portions. Its harmonics are

shown in the following comparisons :

Hnpri?in9.
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disturbed and even overthrown by tidal friction and retardation. Since g
is taken at the present locus of Jupiter's orbital projection, it seems jiossible

that the lunar disturbance, which Delaunay referred to tidal friction,

may have a secular i)eriod, which represents some function of Jupiter's

secular variations of eccentricity. If we take Leverrier's estimate of .Jupi-

ter's present eccentricity, .0483388, and Stockwell's estimate of its secular

variation, .0008274, Sun's superficial gravitating acceleration is 1.027 g^ =
1.027 X 27.321661 = 28.059. This gives p^ = 92.409,000 miles, if we take

the oscillatory estimate of Solar mass, and the British Nautical Almanac
estimate of Sun's apparent semi-diameter (?rty = 331,776 m.^; p^ =
214.45^j). Compare Note 256, e.

297. Ttco Tidal Questions.

No physical question can be regarded as satisfactorily settled, until all

the known fiicts which are likely to have any bearing on its solution

have been duly considered. Provisional hypotheses may be very properly

adopted as occasional and temporary expedients, in order to fix new points

of departure, and facilitate the progress of investigation, but even they are

defective whenever they are obviously limited and partial. The cosmical

importance of harmonic motion, which Laplace demonstrated in his dis-

cussions of Jupiter's satellite system, as well as the further evidences of its

general physical importance which have been brought forward by La-

grange, Fourier and Thomson, cannot be wisely set aside, even in a pro-

visional hypothesis, through any dogmatic assertion of a thermodynamic

requirement, which, if it is not compensated in some way, may possibly

lengthen the terrestrial day by a minute interval, which has been variously

estimated, from gouoo ^^ iff of a second in a year. Even if the requirement

was universally admitted, the relations of photodynamic precession (Note

293), indicate a possible harmonic acceleration which is manifoldly greater

than this problematical retardation. Before making any admission which

would call for a careful study of this possible acceleration, two questions

should be satisfactorily answered : 1. Are the tidal tendencies instan-

taneously adjusted? 2. Are the local tidal frictions limited to mere terres-

trial action, so that the conversion of motion into heat, at one point, is com-

pensated by a conversion of heat into motion at another?

298. Explosive Waves.

Berthelot's discovery has already been suggested (Note 278, 6) as one

of the important topics for consideration in the study of a3thereal correla-

tions. The velocity, \/gh, which is indicated by the explosive energy of

llf) (Note 16), is (32.088 X 68878.2 X 1389.6 -^- 9)i = 1S473 ft. =3.49865

miles per second. This velocitj'^ is sufficient, under the normal atmos-

pheric pressure at Earth's surface, to produce a^thercal waves which are

manifested by light, heat and chemical combination. We may accordingly

look for like phenomena whenever "subsiding" particles penetrate the

PROC. AMER. PHILOS. SOC. XX. 112. 3c. PRINTED NOVEMBER 24, 1882.
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nebulous rosion of the zodiacal li<!;lit with a corresponding tis v\m. Subsi-

dence from Laplace's solar limit (Notes 2G8, 274), would give a vu vita

which is more than 10000 times as great, in their passage thr6ugh the

solar atmosphere. These facts should be carefully considered in any in-

vestigations which are suggested by the hypothesis of Dr. Siemens. The
explosive velocity being acipiired long before the subsiding matter reaches

Sun's surface, the compounded and condensed particles continue sunward
into the region of dissociation and centrifugal projection. No sufficient

reason has yet been given, for doubting the adequacy of the fundamental

time-integral (Notes 280-1) to keep up this circulation indefinitely. Im-
portant harmonic analogies are suggested by Neptune's projectile orbital

velocity at secular perihelion, and by Jupiter's mean locus of subsidence.

According to Stockwell's estimates of the planetary eleu\ents, Nei>tune's

secular perihelion velocity is 3.42 miles per second and Jupiter's mean
aphelion is 5.4274 yo^; the mean proportional between Earth's semi-axis

major and Neptune's secular perihelion being 5.4404 py

299. Alternations of Energy.

All the ordinary assumptions of dissipation of energy take it for granted

that the universal jether is able to absorb heat indefinite!}', without im-

parting it again to more condensed matter. If this were the case, why
should not the heat be absorbed in its passage from star to star? Judging

from atmospheric analogies, we may infer the existence of sethereal con-

vection currents and a greater manifestation of heat Avith increasing

density. If ;iithereal density varies with pressure, as I have supposed in

Notes 35, 236-240, etc., the kinetic, theory ot gases would imply a con-

stant mean molecular velocity. The tangential character of luminous un-

dulations implies a polarity which would tend to the formation of ajthereal

spheroids about stellar centres, and if those centres have an orbital motion

which i^ combined with an axial rotation of their respective orbs, the con-

tinual changes of relative position would favor a transfer of energy from

star to star which, with reflection and refraction (Note 286), might main-

tain perpetual tendencies to an equilibrium which would never be reached.

It seems not unlikely that the thermal relations of every star to its sethe-

real spheroid may be so adjusted that there is a transfer of heat from the

;T?ther to the nucleus during one-half of each rotation, and from Ihe

nucleus to the aether during the other half. Such a hypothesis lends a

meaning to the fundamental kinetic identity (Note 280), which is in

thorough accordance with Laplace's belief in the stability of the solar sys

tem.
300. Actions and Reactions in Moving Radiations.

Prof. H. T. Eddy (8ci. Proc. of the Ohio Mech. Inst., July, 18S2) de-

scribes a method for the distribution of heat in a way which conflicts

with the second law of thermodynamics. He objects to the so-called ax-

ioms of Clausius and Thomson, on the groundof their implicit assumption
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that heat is radiated with infinite velocity, inasmuch as thej' take no ac-

count of the states of relative rest or motion of the bodies between

Avhich the heat passes. Ilecites the statement of Kirchhoff, "that the second

law cannot be (at i)resent) proved ; but it, so far, has never been found in

disagreement with experience;" the view of ^Maxwell and Boltzmann ( Wieii

Sitzb., BJinde, Ixxvi, Ixxviii), that it should be regarded ''as merely the

mean result flowing from the laws of probability ;" Rankine's paper (P/!t7.,

3fag, [4] iv, 358), in which "he has supposed it possible to reflect radia-

tions in such a way as to give the universe sucli diff'erences of temperature

as to insure it a new lease of life ;" and the paper of Clausius (Meeh. Theory

of Heat, chap, xii), showing the general impossibility of such a recoucen-

tration as Rankine supposed, when the radiating bodies are at rest ; never-

theless, no such impossibility may finally appear in case of the actual uni-

verse which is a system ot moving bodies." He closes his discussion with

the follow-ing sentences: "The point to which I would emphatically

direct attention is, that since radiations are known to be moving in space,

apart from ponderable bodies, and subject to reflections, it is possible so to

deal with them as to completely alter their destination, and successfully inter-

fere with all results flowing from Prevost's law of exchanges. It also seems

to me that the exactness of the second law of thermodynamics depends, as

far as radiations are concerned, upon that of this law of exchanges." In

addition to the reflections to which moving radiations are subject, I have

also called attention to their retraction (Note 286), and I have endeavored

to co-ordinate all my discussions, through the fundamental identity (Note

280), which implies an equivalent motion of reaction, for every radiant

action. Moreover, the moving particles in each radiant undulation are all

subject to cosmical attractions and perturbations, which have not yet been

considered in investigations of the seeming dissipation of energy.

301. Thrust of Polar Ice- Cups.

Geologists whobelievethat the northern hemisphere was once largely cov-

ered with ice, have usually attributed the thrust to the simple gravitating

pressure of the accumulation at the pole. The position of many ofthe bould-

ers, and of the supposed terminal moraines, seems to indicate a greater pro-

pelling force than many investigators are willing to attribute to the com-

bined action of polar centripetal and equatorial centrifugal energy. Per-

haps the unwillingness may be removed hj making proper allowance for

"the flow of solids," an element of the problem which does not seem

to have received anj' consideration bej'ond the simple plasticity and regela-

tion which have been studied in connection with the movements of ordi-

nary glaciers. The photodynamic liypothesis of an all-pervading and

universally active aether involves the requirement of perpetual tendencies

toward equilibrium, and the evidence of such tendencies which is given by

Earth's oblateness (Notes 246, 249) furnishes an adequate explanation

for many of the glacial phenomena which have hitherto seemed paradoxi-

cal. Bessel's estimate of the oblateness is slightly less than would result
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from Trcsca's "flow '," Clarke's two estimates accord more nearly with the

theoretical value ; while Listing's, which is the latest of ail, gives an agree-

ment which is virtnilly exact. It' we start from his estimate (1 : 288.4),

4r2 X 2S8.4
we get g = (80164 IV ^ ~ 33.08G ft. Ganot's value is 32.088,ft. It can

hardly be believed that such a coincidence is merely accidental. If it is

indicative, as I have supposed, of inter-molecular tcthereal action, it has An

important bearing on tidal equilibrium, and it shows that Earth's shape

and rigidit}'^ were not fi.xed in any past age, but are at all times adjusted

to the requirements of internal elasticity and external attractions. Any
arguments which may be adduced in fiivor of such an adjustment may be

urged, a fortiori, in support of the flow and thrust of a plastic material

like ice. The velocity of terrestrial rotation, in the mean latitude which

Prof. II. C. Lewis has indicated for the terminal moraine in Pennsylvania,

is more than 1000 feet per second. The centrifugal force consequent upon
such a velocity, together with the thrust of an ice-cap which extended to

the pole, must greatly facilitate glacial flow. The equilibrating forces

would Avork upon local glaciers, in the same way as upon a general

ice-cap.

The Classification of the Ungulate Mammalid. By E. D. Cope.

{Read before the American Philosophical Society, May 19, 1SS2.')

In the present essay the osseous system is chiefly considered, and of this,

the structure of the feet more than of any other part of the skeleton. The
ungulata are here undei-stood to be the l)oofed placental Mammalia wil4i

enamel covered teeth, as distinguished from the unguiculate or clawed

and the mutilate or flipper limbed, and the edentate or enamelless, groups.

The exact circumscription and definition is not here attempted, though

probably the brain furnishes an additional basis of it in the absence of the

crucial, parietooccipital, calcarine fissures, etc. Suffice it to say that it is on
the whole a rather homogeneous body of mammalia, especially distin-

guished as to its economy bj"- the absence of forms accustomed to an

insectivorous and carnivorous diet, and embracing the great majority ot

the herbivorous types of the world.

The internal relations of this vast division are readily determined by
reference to the characters of the teeth and feet, as well as other less im-
portant points. I have always insisted that the place of first importance

should be given to the feet, and the discover}- of various extinct types has

justified this view. The predominant significance of this part of the

skeleton was first appreciated by Owen, who defined .the orders Perisso-
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dactyla and Artiodactyla. Professor Gill* has also used these characters to

a large extent, but without giving them the exclusive weight that appears

to me to belong to them. Other authors have either passed them by

unnoticed, or have correlated theni or subordinated them to other charac-

acters in a way which has left the question of true affinity and therefore of

phylogeny, in a very unsatisfactory condition. Much light having been

thrown on these points by recent discoveries in paleontology, the results,

as they appear to me, are here given.

Fig. 1.

Fig. 1.—Left anterior foot of Elephas africanus (from De Blainville).

Carpus.—It is well known that in the Perissodactyla and Artiodactyla,

the bones of the two rows, of the carpus alternate with each other ; that

the lunar for instance rests on the unciform, and to a varying degree on

the magnum, and that the scaphoides rests on the magnum and to some

degree on the trapezoides and trapezium. It is also known that in the

Proboscidea, another state of affairs exists ; ^. e., that the bones of the two
rows do not alternate, but that the scaphoides, lunar and cuneiform, rest*

directly on the trapezium and trapezoides, the magnum, and the unciform

respectively. The preceding characters are sometimes included in the

definitions of the respective orders. Further than this they have not been

used in a systematic sense.
' Professor Gill says of the carpus of the Hyracoidea, " carpal bones in two

interlocking rows ; cuneiform extending inwards (and articulating with

magnum) ;
* * * unciform and lunar separated by the interposition of the

cuneiform and magnum." Professor Flowerf gives a figure which justi-

fies these statements, but neither the one nor the other agree with my
Arrangement of tlie families of Mammals prepared for the Smithsonian

Institution. Miscellaneous Collections 330. Nov., 1873.

t Osteology of the Mammalia, p. 266 ; flg. 93.
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specimens. In the inanus of a IIi/ra.t capensu- (from Verrcaux, Paris), I

tind the folloAviug condition of tlie carpus. Tlio bones of the two series

are articukited consecutively, and not alternately ; they do not interlock,

but inasmuch as the magnum is a little narrower than the lunar, the latter

is just in contact (anteriorly) with the trapezoides (centrale) on the one

side, and the unciform on the other. My specimen agrees with Cuvier's

ligure of Ilyrax capensis in all respects. It is probable that Professor

ii...^. Fig. 3.

Fig. 2.—Left anteriov foot of Phenacodus primcevus, one-third natural size

(original).

Fig. 3.—Kight anterior foot of Hyrax capensis ; (from Cnvier). Sc. seapnloid
bone; i. lunar; cm. cuneiform

; p. pisiform; tz. trapezium: td. trapezoides: m.
magnum; u. unciform.

Flower has figured some other species under that name, which besides its

peculiarities, is of smaller size than the H. capensis (see Fig. 3).

In April, 1875* I described the manus of Corypliodon (Bathmodon),

showing that the lunar was supported below by the magnum and by parts

of the unciform. This carpus has the characters of that of Ilyrax capensis,

Avith the last named articulation more extensive. This was the first

description of the carpus of the Amhlypoda. In February, 1876, f Pro-

fessor Marsh described the carpus of Uintatherium {Dinoceras), and
asserted that the bones "form interlocking series." lie however
states that "the magnum is supported bj' the lunar and not at all

by the scaphoid," a state of things which does not belong to the inter-

locking carpus. The trapezoides does not join the lunar, but the unci-

form does so, as in Coryphodon. Professor Marsh's figure as to the articu-

* Sj-stematic Catalogue of the vertebrata of the Focene of Xew Jlexico, p. 24

(U.S. Geol. Sui-vey W. of 100th Mer.).

t Amer. Journal ScL Arts, xi, p. 167; pi. vi., flg. 2.
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lations of the magnum does not agree with liis description, as it makes

that bone articuUite witli the scaphoid. The second description is how-

ever correct, and the carpus is identical with that of Coryphodon. (Fig. 4.)

In the American Naturalist, June, 1883,* I have shown tliat the carpus

of the Gondylarthra is essentially like that of the Hyracoidca. (Fig. 3.)

- Sc

I IG. 4. Fig. 5.

Fig. 4 —Manus of Coryphodon (original). The cuneiform is imjierfect.

Fig. 5.

—

Lieft posterior ioot oi Elephas indicus ; (from Cuvier;. ca. ciilcaneum :

o. astragalus ; »i. navicular ; cm. cuboid; ec. ectocuneit'orui ; ?hc. mesocunei-
form.

Tarsus.—In the tarsus of the Perissodactyla and Artiodactyla it is Avell

understood that the cuboid extends inwards so as to articulate with the

astragalus, giving the latter a double distal facet. It is also well known
that the astragalus of the Prohoscidca has but a single distal articulation, that

with the navicular. It is, however, true that the cuboid is extended inwards,

but that it articulates with the distal extremity of the navicular instead of

that of the astragalus. It was shown by Cuvier that the astragalus of the

Hyracoidea articulates with the navicular only, and that the cuboid is not

extended inwards so as to overlap the latter. In 1873 Marshf stated that

the astragalus of the Amblypoda articulates with both cuboid and navicu-

lar. Finally I discovered in 1881 ,X that the astragalus of the C'ondylarthra

articulates with the navicular only and that the cuboid articulates w-ith

» Page 522.

t American Journal Science and Art, .lanuary, 1873.

X American Naturalist, 1881, p. 1017.
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the culcancuiu onlv. In the tarsus then there are four t/pes of articula-

\\

I

^

J

Fig. 6. Fig. 7.

Fia. 6.—Lett posterior foot of Phenacodus primcevus, oue-tliird natural size
(oriijinal).
Fio. 7.—Ri£?lit posterior foot of Hyrax capensis (from Cuvier), Ca. calca-

neuin; a. astragalus; n. navicular; cu. cuboid; ecc. ectocuneiform ; mc. jneso-
cuneiform ; enc. eiitocuaeiform.

\^'

Fig. 8.

Fio. S.—roBtcrior loot of Coryphodon (original).
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tion, which are typified in the Condylarthra, the Proloacidea, the AnJih/-

poda and the Artiodactyln respectively. (Figs. 5-9,)

Fig. 9. Fig. 10.

Fig. 9.—Hind foot of Po&hrotherium labiatura (original).

Fig. 10.—Fore leg and foot of Hyracothertum venticolum (original).

Orders.—From the preceding considerations we derive the following

definitions of the primary divisions of the Ungulata, which should be

called orders. In the first place I find tlie diversity in the structure of the

carpus to be greater in the relations of the magnum and scaphoides, than

in the relations between the unciform and the lunai*. In other words the

trapezoides and magnum are more variable in their proportions than is the

unciform. This is directly due to the fact that the reduction of the inner

two digits is more usual than the reduction of the external two. I there-

fore view the relations of these bones as more characteristic. In the tarsus

the really variable bone is the cuboid. It is by its extension inwards

PROC, AMER. PHILOS. SOC. XX. 113. 3d. PRINTED NOVEMBER 17, 1882.
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that the additional facet of the astragalus is produced. Its relations will

therefore be considered rather than those of the astragalus in framing the

following definitions :

Order I. Scaphoides supported by trapezoides and not by magnum,

which supports lunar. Cuboid articulating proximally with calcaneum

Diily
' Taxeopoda.

Order II. Scaphoides supported bj' trapezoides, and not by magnum,
which supports lunar. Cuboid extended inwards and articulating with

the distal face of the navicular Prohoscidta

.

Order III. Scaphoides supported by trapezoides and*not by magnum,

which with unciform, supports the lunar. Cuboid extended inwards and

articulating with astragalus Amblypodn.

Order IV. Scaphoides supported by magnum, which with the unciform

also supports the lunar. Cuboid extended inwards so as to articulate with

the astragalus Diplarthra.

The sub-orders are defined as follows :

I. TAXEOPODA.

There are two, perhaps three sub-orders of the Taxeopoda; the Eyracoidea,

the Condylarthra, and perhaps the loxodontia.* The Toxodontia are how-
ever not sufficiently known for final reference.f The sub-orders are de-

fined as follows

:

A postglenoid process ; no fibular facet of calcaneum, but an interlocking

articulation between fibula and astragalus ; ungual phalanges trun-

cate Eyracoidea.

A postglenoid process ; no fibular facets on either calcaneum or astragalus
;

a third trochanter of the femur ; ungual phalanges acuminate

Condylarthra.

Tiiere are a good many other subordinate characters which distinguish

the Condylarthra, which will be given in my forthcoming volume iv of

the Ilayden Survey, on the Tertiary Vertebrata of Western America,

II. PROBOSCIDEA.

There may be two sub-orders of this order, the Proboscidea and the

Toxodontia. 1 do not know the Carpus of Toxodon, but if it does not differ

more from that of the elephants than the tarsus does ; it is not entitled

to subordinal distinction from the Proboscidea. The sub-order of Pro-

boscidea is defined as follows :

A fibular articulation of the calcaneum ; no postglenoid process ; no third

trochanter of femur Proboscidea.

»See my remarks on Toxodon, Proceedings Amer. Philosoph. Society, 1881,

p. 402.

t The considerable resemblan*ce between the dentition of Toxodon and Hyrax
must not be overloolced.
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III. AMBLYPODA.

The sab-orders of this order, as I pointed out in 1873, are two, defined

as follows :

Superior incisor teeth ; no ali-sphenoid canal ; a third trochanter of femur ;

Pantodonta.

No superior incisors, nor ali-sphenoid canal, nor third trochanter of femur :

Dinoceratd

.

The difference between the Proboscklea and the Amblypoda consists

chiefly in that the navicular of the latter is shortened externally so as to

permit the cuboid to articulate with the astragalus. The cuboid has the

same form in both. The peculiar character of the navicular gives (Ik;

astragalus a different form.

IV. DIPLARTHRA.

This order is called by some authors the Ungulata, but that name is also

used in the larger sense in which it is here employed. This appears to be

its legitimate application, as the name should, if possible, be used for hoofed

Mammalia in general, as its meaning implies. The two well known sub-

orders are the following :

Astragalus truncate distally ; number of toes odd, the median one the

largest PerissodactyUi

.

Astragalus with a distal ginglymus ; number of toes even, the median two

largest Artiodactyla

.

Phylogeny.—The serial arrangement of the bones of the carpus and

tarsus seen in the Taxeopoda, is probably the primitive one, and we may

expect numerous accessions to that order on further exploration of the early

Eocene epochs. The modification seen in the more modern orders of

Perissodactyla and Artiodactyla, may be regarded as a rotation to the inner

side, .of the bones of the second carpal row, on those of the first. This

rotation is probably nearly coincident with the loss of the pollex, as it

throws the weight one digit outwards, that is on the third and fourth

digits, rendering the first functionally useless to a foot constructed solely

for sustaining a weight in motion. The alternation of the two rows of

carpals clearly gives greater strength to the foot than their serial arrange-

ment, and this may probably account for the survival of the type possess-

ing it, and the extinction of nearly all the species of the type which does

not possess it. Here is applied again the principle first observed by

Kowalevsky in the proximal metapodial articulations. This author shows

that the types in which the metapodials articulate with two carpal or tarsal

bones, have survived, while those in Avhich the articulation is made with

a single carpal or tarsal have become extinct. The double articulation is,

of course, mechanically the more secure against dislocation or fracture.

As regards the inner part of the manus I know of no genus which

presents a type of carpus intermediate between that of the laxeopoda and
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Amhlypoda on tlie one hand, and the Perissodactyla and Artiodactyla on

the otlier. Sitch will however probably be discovered. But the earliest

Perissodactyla, as for instance Hyrucotherium, Hyracliyus and Triplopus,

jiossess the carpus of the later forms, Rhinocerus and Tapir us. The order

Amblypoda occupies an interesting position between the two groups, for

while it has the carpus of the primitive type, it has the tarsus of the later

orders. The bones of the tarsus alternate, thus showing a decided advance

on the Taxeopoda. This order is then less primitive than the latter,

although in the form of its astragalus it no doubt retains some primitive

peculiarities which none of the known Taxeopoda possess. I refer to the

absence of trochlea, a character which will yet be discovered in the Taxeo-

poda, I have no doubt.

The Taxeopoda approach remarkably near the Bunotheria, and the

unguiculate and ungulate orders are brought into the closest approxima-

tion in these representatives. In fact I know of nothing to distinguish the

Condylarthra from the Mesodonta, but the ungulate and unguiculate

characters ofthe two divisions. In the Creodonta this distinction is reduced

to A'ery small proportions, since the claws of Mesonyx are almost hoofs.

Some of the genera of the Periptychidce present resemblances to the

Creodonta in their dentition also.

The facts already adduced throw much light on the genealogy of the

Ungulate Mammalia. The entire series has not yet been discovered, but

we can with great probability supply the missing links. In 1874 I pointed*

out the existence of a yet undiscovered type of Ungulata, which was an-

cestral to the Amhlypoda, Proboscidean, Perissodactyla and Artiodactyla, in-

dicating it by a star only in a genealogical table. This form was discov-

ered in 1881, seven years later, in the Condylarthra. It was not until laterf

tliat I assumed that the Diplarthra are descendants of the Amhlypoda,

although not of either of the known orders, but of a theoretical division

with bunodont teeth.:}: That such a group has existed is rendered ex-

tremely probable in view of the existence of the bunodont Prohoscideir-AvnX

Condylarthra. That the Taxeopoda was the ancestor of this hj-pothetical

group as well as of the Prohoscidea, is extremely probable. But liere

again neither of the sub-orders of this group represent exactly the ances-

tors of the known Amhlypoda, which have an especiallj^ primitive form

of the astragalus not found in the former. In the absence of an ankle-

joint, the Amhlypoda are more primitive than any other division of the

Ungulata, and their ancestors are not likely to have been more special izetl

than they. It is probable that a third sub-order of Taxeopoda has existed

which had no trochlea of the astragalus, which I call provisionally ])y the

name of Pldtyarthra.

Homologies and Origin of Teeth, etc., Journal Academy Xal. Science,
Philada., 1«74, p. 20.

t Keport U. S. Geol. Survey W. of 100th Mer., p. 283, 1877.

X This hypotlietlcal sub-order Is called in the appended scheme, Amhlypoda
Hyodonta.
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The preceding paragraphs were written in 3Iay of the present year. On
my return home, September 1st, after an absence of three months, I find

that various parts of the skeleton of Periptychus* have reached my mu-
seum. On examination, I find that the astragalus of that genus fulfils the

anticipation above expressed. It is without trochlea, and nearly resembles

that of Elephas. As it agrees nearly, with that of Phenacodus in other re-

spects I only separate it as a family from the Phenacodontidce. One other

type remains to be discovered which shall connect the Periptychidm and

the hypothetical HyodonUi, and that is a Taxeopod without a head to the

astragalus,—unless, indeed, the " Ilyodonta" should prove to have such a

head. I think the latter the less probable hypothesis, and hence retain

the term Platyarthra for the hypothetical Taxeopod without trochlea or

head of the astragalus.

These relations may be rendered clearer by tlic following diagram :

Taxeopoda.

Condylarthra. Platyarthra .ff

/ \ ^

Hyracoidea. \ ^,

Proboscidea. Amblypoda.

Ilyodonta. If Pantodonta.

I

I

Diuocerala.

DiPLARTHRA.

Perissodactyla. Artiodactyla.

Third contribution to the History of the Vertehrata of the Permian formation

of Texas. By E. D. Cope.

{Read before the American Philosophical Society, September 15, 1882. )

Since the publication of my second contribution to this subject, 1 1 have

described four additional species. These are, in Bulletin of the U. S.

Geological Survey of the Territories ;§ Pantylus cordatus and Dimetrodon

aemi/radicatus J in the American Naturalist,
||
Eryops retieulatus and Za-

* See American Naturalist, October, 1882.

f\ Hypothetical.
JPaleontoIogical Bulletin, No. .32, Proceedings .\tnerican Philosophical .'So-

ciety, 1880 ; the plates, 1881.

I Vol. vi, 1881, p. 79.

111881, p. 1020.
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trac7ii/s apkalis. The last two were not inchuled in my catalogue of the

Permian Vertebrata published previously* in the same year. The present

paper adds some important points to this remarkable fauna, and explains

the hitherto obscure relations of several i^enera.

DIADECTIDiE.

Tiie pelvis and sacrum of a species of this group are preserved in my
collection, and they indicate further peculiarities of this group.

The sacrum consists of two vertebra- only, and is thoroughly united

with the pelvis by its transverse processes. The latter are decurved on

the inner side of the iliac bones, and the sutures which distinguish them

from the latter and from each other, are not serrate. The inferior arch is

robust, but very narrow anteroposteriorly. The acetabulum is entire in

every respect, so that it is probable that both pubis and ischium are united

undistingulshably in the arch. The pubis is perforated by the usual in-

ternal femoral foramen. The posterior edge is grooved, and it might be

suspected that this marks the articulation of an ischium. The anterior

edge is however grooved in the same way, so tliat the appeamnce is rather

the position of muscular insertion. The spines of the sacral vertebra} are

distinct, and have the usual form seen in Diadectes.

The two sacral Aertebraj and the absence of obturator foramen, are

characters of the suborder Pdycosnuria in which the latter differs from

the Dkynodontia. I am still inclined to question whether the extraordi-

nary characters of the cranio-vertebral articulation I have described, jus-

tify the separation of the Diddrctida' as a third sub-order of the Theromor-

phii, which I have called the C'ott/losauria,\ or whether they are not due

to the loss of a loosely articulated basioccipital bone.

EDAPHOSA.URUS Cope, genus novum.

Apparently allied to Pantylus. Temporal fossae not overroofed; surfaces of

cranial bones not sculptured. Mandibular and maxillary teeth subequal.

Posterior half of the mandibular ramus expanded inwards and supporting

numerous closely arranged teeth. Pterygoid, or perhaps an internal ex-

pansion of the malar bones, supporting a dense body of teeth, correspond-

ing to those of the lower jaw. Teeth subconical.

The single species of tliis genus in my possession shows the following

characters of systematic importance. An arch extends from the parietal

plane posteriorly and downwards to the external base of the quadrate.

Tiie specimen is not yet in a condition to show how much of this is parie-

tal, and how much squamosal or opisthotic. The proximal half of the

posterior part of this arch is a distinct element, perhaps a transverse pro-

cess of the suprao^cipital. A distinct element connects tlie basioccipital

on each side with the quadrate. The articular extremity of the latter has

American NatunilJst Feb.. 1881.

t Ainerlcau Naturalist, 1880, p. 304.
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a deep anteroposterior concave emargination. There is a flat bone ex-

tending from it anteriorly wliicli is apparently pterygoid rather than

quadratojugal. The tooth bearing portion terminates opposite the middle

of the basisphenoid.

The occipital condyle is undivided, and the basisphenoid presents the

usual two divaricating protuberances to the basioccipital.

Edaphosatjrus pogonias, sp. nov.

Represented by the followsng portions of a skull ; basis cranii with por-

tion posterior to the middle of the parietal bone ; left maxillary with dental

plate, left mandibular ramus entire ; various flat bones undetermined.

There is also a body which may be the atlas with its arch somewhat dislo-

cated. These pieces are in part covered with a thin layer of the red deposit

of the Permian bed in which they occur.

The facial plate of the os maxillare is subvertical, so that the orbit is

lateral. The latter is rather small. The malar bone is narrow, and is

continuous with the dentigerous bone of the palate. The latter has a

thickened posterior edge, which commences below the anterior part of the

orbit, and extends posteriorly to the middle of the basisphenoid. Thence

the border turns forwards. Its anterior edge is below the anterior border

of the orbit, and the general form is a longitudinal oval. The maxillary

teeth are somewhat weathered^ and obscured by a thin layer of matrix.

The posterior ones are compressed-conic ; the premaxillaries are four in

number on one side, and are more nearly conic, and have incurved apices.

The median premaxillary suture is, however, not clearly defined, so that

the number of premaxillaries remains uncertain. The centre of the prob-

able nostril measures one-third the distance from the premaxillary border

to the anterior edge of the orbit. Tnere are eight rows of (?) pterygoid

teeth at the posterior fourth of the series. The teeth are subequal and

obtuse, increasing a little anteriorly.

The mandibular ramus is robust, and the external face slopes inwardly

and downwards. The external border rises a little above a few of the

posterior teeth, but it is injured at the posterior of the coronoid process, so

that its existence cannot be ascertained. The border then descends and

turns inwards to the articulation, which is condyloid at its internal extrem-

ity. The inferior edge of the anterior part of the ramus becomes a median

ridge below tlie condyloid region, and terminates in a short, compressed

angular process. The symphysis is not coossified, and is convex down-

wards and forwards. The inferior part is subhorizontal, and forms the

edge of a transverse plate which is separated from the verticil part of the

ramus by a deep groove. The inner vertical face of the ramus is stronglj^

convex, as is the corresponding edge of the symphyseal suture. The

apices of the teeth are worn, but they were probably conic, the posterior

gradually smaller and more obtuse. The interior face of packed teeth

begins^at^the posterior two-fifths of the external series, and expands in-
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wards posteriorly. It contains six longitudinal rows opposite the ante-

penultimate dentary tooth.

All the bony surfaces are smooth.

3f('asnrc7nciifii. AI.

Length of mandibular ramus (straight) 162
" symphysis of do. (straij^ht) 038
" external dental series 077

Widtli of ramus at dental pavement 040

skull at ends of 00. quadrata 138
" extremity of O. quadratum 024
" occipital condyle 018

Length of superior dental pavement 065

Width of basisplienoid posteriorly 029

The supposed axis vertebra is longer than wide, and the centrum is

deeply excavated posteriorly. Anteriorly it appears to have lost a piece

—

the centrum of the atlas, which, while fitting it closelj', was not co-ossified

with it. There is a flat horizontal convex ala in the place of a diapophysis,

and an obtuse median hypapophysial angle. The neural spine is compressed,

except posteriorly, where it is transversely expanded, terminating above

in a short obtusely accuminate apex. From this apex an obtuse rib passes

down the median line, and disappears above the neural arch, where the

spine is somewhat narrower. The postzygapophyses are well developed

and look downward.

Measurements of axis. M.

Length of centrum below 020

Width, including diapopliyses 035

Elevation of spine from postzygapophysis 038

Width of do., posteriorly 020

Remarks.—This interesting form is probably allied to Pantylus, which

I have hitherto regarded as a Batrachian. The two genera may be placed

in a special family of the Pelycosauria, to be called the Ednphosauridce.

This family will be distinguished from the Clepsi/dropid'ie by the presence

of more tlian one series of teetli on parts of the jaws. It is possible that

Helodectes must be placed in it.

ECTOCYNODON Cope.

Paleontological Bulletin No. 29, p. 508.

A- species now before me resembles in generic characters the type of this

genus, E. ordinatus. That species was described as having the canine

tooth near the middle of the maxillary bone, while in the present one it is

near the anterior part of it, as in some other genera. In the typical species,

as in the species to be described, the cranial bones are sculptured, and the

temporal fossae are overroofed. .The sculptured surface as well as the

canine teeth distinguish Ectocynodon from Pariotichus Cope and Proco-

lophon Owen, which genera are otherwise related.
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ECTOCTNODON AGUTI, Sp. UOV.

This reptile is iniich larger than the Pariotichus brachyops, and the ante-

rior part of the ci'anium has a different form. The general shape of the

head is much like that of a rodent mammal of the genus Dasyprocta. It

is rather wide at the temporal regions, flat above, and narrowed and com-

pressed anterior to the orbits. The muzzle is narrowed and obtuse, and

tlic nostrils are terminal, and are lateral and a little anterior in direction.

The maxillary alveolar edge is nearly straight, but the premaxillary edge,

beginning below the posterior border of the nares, descends forward at

an angle of 45°. Viewed from the front, the premaxillary border is a

festoon, strongly convex downwards, and below the anterior part of the

nostril. The suture separating the premaxillaries is distinct. The orbits

are of moderate size, as in an aguti, and invade the superior frontal plane

in a slight degree. The frontoparietal fontanelle is rather large.

The mandible is robust, and presents a short angle. It closes up behind

the premaxillary lobate edge. Its teeth are concealed in the specimen.

The maxillary teeth increase rapidly in size forwards. The premaxillaries

commence smaller next the maxillaries, and increase in size to the first,

which is a little larger than the anterior maxillary. The crowns are

weathered away. The sculpture on the maxillary and malar bones con-

sists of closely placed shallow fossse. On the posterior part of the frontals

there are strong ridges radiating posteriorly, and situated close together.

Measurements. M.

Length of skull to end of angle of lower jaw 090
" " frontoparietal fontanelle .056

orbit, above 026
" ramus mandibuli .. , 083

Depth of skull at orbit , 033
" ramus " 019

Width of skull posteriorly '. .068
" " between orbits 017
" " between external nares 0105

Diameter of first premaxillary tooth 003
'

'

second maxillary tooth 003

Six fossaj of the malar bone 005

Seven grooves of the frontal bone 005

This species is much larger than the Ectocynodon ordinatus Cope, and

the canine tooth has a more anterior position.

Discovered by W. F. Cummins.

DIPLOCAULTJS Cope.

Paleontological Bulletin No. 26, p. 187, Nov. 2lst, 1877. Proceedings

American Philos. Society, 1877, p. 187.

This genus was characterized by me at the places cited, as follows:

" Vertebral centra elongate, contracted medially, and perforated by the

PROC. AilER. PHILOS. SOC. XX. 113. 8e. PRINTED NOVEMBER 17, 1883.
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foramen cliord;e dorsalis, coossified with the neural arch, and supporting

transverse processes. Two rib articulations, one below the other, gen-

erally both at the extremities of processes, but the inferior sometimes

sessile. No neural spine nor diapophysis ; the zygapophysis normal and

well developed."

This diagnosis was derived from the vertebrae of a single species from

the Clepsydrops shale of Illinois, the D. salamandroides, and since that

description was written, no additional specimens have come under my ob-

servation. In the Catalogue of the Vcrtebrataof the Permian I placed the

genus as the type of a family, the DiplocaulidcB, among the Pelycosauria.

I am now, however, through the energy of Mr. W. F. Cummins, in pos-

session of specimens of a number of individuals of a second species of

Diplocaulus, found by him in the Permian beds of Texas. From them I

derive that the genus and family must be referred to the Stegocephalous

Batracfliia. It is, however, exceptional among these in the fauna of which

it is a member, in not belonging either to the Rhachitomi* or to the Em-
bolomera, since the vertebral centra are not segmented, nor are the inter-

centra present in any form. Under these definitions it must be referred to

the suborder which includes OestocepJinlus, Ceraterpeton, etc., for which I

have adopted Dawson's name Microsauria. The division includes genera

with simple amphiccelous vertebral centra, and teeth without inflections

of the dentine. The following characters must be added to Diplocaulus :

Vertebrte with a more or less perfect zygosphen articulation ; centra

shorter in the anterior than in the median part of the column ; axis and

atlas solidly united by a long zygosphen, which is not roofed over bj" the

/.ygantruni. Neural arch continued as a short tube into the foramen

magnum. Atlas unsegmented, and, like the axis, without free hypapophy-

sis. Cervical vertebrae not distinguished from dorsals, and with two-

headed ribs.

Orbit sepa,rated from the maxillary bone by the union of the lachrymal

and malar. Either the malar, or more probably the quadratojugal, extends

much posterior to the quadrate bone. It is bounded above by the squa-

mosal, which extends anteriorly to the distinct postfrontal, thus covering

over the temporal fossa. Posteriorly it extends into a long, free process,

like the operculum of Poli/odon ossified. This horn does not appear to

consist of the epiotic as appears to be the case in Geraterpteon. The
quadrate bone is extended very obliquely forwards and its extremity is

divided into an hourglass-shaped condyle. In other words the condyle

consists of two cones with apices continuous. The internal cone is the

smaller, and its base is overlapped from before by a flat bone, probably the

pterygoid. The cotyli of the mandible correspond. Mandible without

angle ; symphysis short.

The teeth are of about equal size, and are rather slender and with conical

apex. Their surface is not inflected at any point. The superior series is

• American Naturalist, 1882, p. 331.
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double, forming two lines between which the mandibular teeth close. This

superior series stands near the external edge of the vomer, palatine and

pterygoid bones successively. I have not been able to find any larger

teeth in the jaws in this genus. Some fragments mingled with those here

described, display such teeth, but I think they pertain to a species of

another genus. I know nothing of the limbs of this genus.

DiPLOCAULUS MAGNICORNIS, sp. nOV.

The species is indicated by fragments of a number of crania, and por-

tions of several vertebral columns. These were collected at two different

localities by Mr. "W. F. Cummins.

The skull is very peculiar in the great extent of the parts posterior to

the orbits as compared with the portion anterior to them. The posterior

border not being complete, the proportions cannot be exactly given, but

the part anterior to the orbits is two-thirds the length of the part extend-

ing from their posterior border to near the base of the lateral horn, and

one-fifth the distance from the orbit to the extremitj'^ of the horn. The
part of the border of the orbit preserved indicates that the latter is of fair

size. It is separated from the maxillary border by at least its own diame-

ter. The external nares are peculiarly situated. They are nearer the

orbit than the end of the muzzle, and are close to the maxillarj^ border,

being separated from the mouth by a narrow strip of bone only. Thej-

are round, open nearly laterally, and are removed from the edge of the

orbits by the diameter of the latter.

The malar or quadratojugal bone is protuberant at the canthus oris and

projects laterally beyond the mandible at its posterior part. It also pro-

jects beyond the extremity of the quadrate bone. This border is continued

as that of the external base of the horn, but the portion which belongs to

this element is soon distinguished from the superior element (squamosal)

which composes the horn, by a groove. This groove is decurved, and

bounds the apex of the element, which is a decurved, low tuberosity.

The horn is produced backwards in a horizontal plane, forming a long flat

triangle which contracts gradually' with straight sides. The apex is nar-

rowed, obtuse, and a little incurved. Near and at the extremity the horn

is flat above and convex below.

The mandibular quadrate cotylus consists of two fossae, which together

form an approximate figure oo, of which the internal fossa is the smaller,

and opens internally. The external one is nearly transverse. The supe-

rior border of the ramus posteriorly is straight. The greater part of the

superior aspect is occupied by a huge fossa which opens upwards.

It is uncertain whether the horns meet at an entering angle on the

middle line posteriorly or not, but the width of the base of the horn indi-

cates that suck is the case. The extremity of the muzzle is depressed, and

is broadly rounded.

The external surface of the skull is sculptured in the form of fossae so

distributed that the narrow ridges separating them do not form straight
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lines, except in a few places on the superior fiice of the horn. This sculp-

ture is strongly impressed, and is of medium coarseness. It extends on

the inferior face of the quadratojugal (?) posterior to the quadrate, and on

the inferior side of tlie horn at the edges. It is most extended below from

the interior edge, and for the terminal inch of the horn, is as well marked as

on the superior face. Elsewhere the sculpture of the inferior side passes

into puncta before disappearing. A groove marks the superior boundary

of the maxillary bone, which divides when it reaches the superior surface.

One branch descends behind the nostril, the other passes transversely

across the lachrj'^mal bone and shallows out before reaching the middle

line of the muzzle. The mandible is even rougher than the superior sur-

faces, and has a longitudinal groove below the dental line, to near tlic

symphysis, where it runs out on the alveolar edge. The internal and ex-

ternal sides of the mandible posteriorly, are smooth. On the malar and

other facial bones there are four fossa? in 9 or 10 mm.

The atlas is peculiarly flattened above, the neural arch being a tube,

without neural spine. Its anterior tubular prolongation is not long, and

is deeply notched below. The condyloid fossae are widely spread trans-

versely and nearly flat, except that their surface is carried forwards on the

neural .tube. They are well separated below. There is a strong hypa-

pophysial keel, which diminishes and runs out anteriorly. There are pre-

zygapophysial facets, but the postzygapophyses exist. Their superior edge

is however carried posteriorly to form the sides of the huge embracing

zygantrum. These side processes, which I will call zygantropophyses,

extend as far posteriorly as above the posterior end of the centrum of the

axis, embracing almost the whole of the neural arch. There is another

short median superior process, which notches the extremity of the zygos-

phen. The side of the atlas between the postzygapophysis and the con-

dyloid facet is wrinkled, and the inferior face finely punctate.

In the axis, the hypopophysis is a large ridge with a horizontal truncate

edge. The costal heads of the diapophysis are not split to the base of the

latter and the superior is the more robust (extremities broken off). Cen-

trum concave posteriorly, and on each side of hypopophysis with reticulate

surface. A short zygantropophysis ; zygantrum not large. Exposed

summit of zygosphen (nearly equal neural arch) without neural spine. In

both the axis and other cervical vertebra, the superior diapophysis is con-

nected with the zygapophyses fore and aft, in accord with the shortness

of the centra. In the more posterior vertebrte they become separated on
account of the increasing length of the centrum.

The third vertebra is like the axis, except in having a keel-shaped

neural spine, and a short obtuse zygosphen continued from its base ante-

riorly. With increasing length of centrum the diapophysis becomes longer,

and the hypopophysial ridge becomes wider, and coextensive with the in-

ferior face of the centrum. It is separated by an angle from the sides in

the longer vertebra ; in those of intermediate length, the inferior face is
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convex. All of them retain the delicate lines and punctse of the inferior

surface. The neural spine on the more elongate vertebrae is a rather ele-

vated keel, with horizontal superior edge. Its posterior extremity forms a

wedge-like zygosphen. The zygantrum is a deep V-shaped cavity, open-

ing posteriorly and not roofed over at any point unless for a small part of

its fundus. The zygapophyses are well spread, and have horizontal faces.

Each of the columns of the diapophysis sends a ridge forwards, which en-

close a groove between them.

Measurements of vertebrw. M.

Length of atlas below 015
" " at zygantropophyses 029

Expanse " " condyloid facets 034
" of centrum atlas behind 0145

Depth of atlas at middle : 019

Length of axis below 015
" "at zygantropophyses 016

Width of zygosphen above Oil

Expanse of postzygapophyses 024

Width of centrum posteriorly 013

Depth " "

Length of centrum of another (No. Ill) 018

(No. IV) 022

• Expanse of postzygapophyses of do 018

Length of centrum of No. V 022

^^ . , f vertical OIB
Diameters centrum V anteriorly i „^„

•^

I. transverse 012

Expanse prezygapophyses 021

Elevation of neural spine from centrum. . . 1 Oil

/ anteroposterior 023

Diameters centrum No. VI < vertical Oil

' transverse 013

The vertebraj of this species are very much larger than those of the

D. salamandraides, and the diapophyses do not originate so low down on

the centrum. Otherwise they are much alike. The cranium of the Illinois

species is yet undetermined. •

The D. magnicomis was discovered by W. F. Cummins.

ACHELOMA. Cope, genus novum.

Order Rhachitomi ; fiiraily Erj'opida?,* differing from Eryops in the ab-

sence of notch of the posterior border of the skull between the epiolic and

quadrate or squamosal bones, and in the absence of condyles of the hu-

merus.

Mandible without angular process. Teeth of tlie jaws subequal, ratiier

larger anteriorly ; some large ones on. the os palatinum at difterent points

* American Naturalist, 1882, pi 335.
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along the externiil margin. Pteiygoid bone ending in a free decurved

edge anterior to the quadrate bone. Palatines and pterygoids narrow,

leaving a wide palatal foramen. Vertebrae in their principal features as In

Eryops. The humerus is unlike any of those enumerated in my synopsis of

Permian humeri,* but resembles the one figured byGaudryas belonging to

Actinodon, except that in Ac/ieloma there are no condyles, and there is an

epicondylar foramen. Tliis is the first time I have observed the foramen in a

Batrachian, though it is universal, so far as known, in the Pelycosauria.

As in Actinodon, there is a short process above the external epicondylar

angle.

The absence of humeral condyles in this genys is paralleled by th(! same
feature in Ctepsydrops natalis. It looks as though the animal were young,

and had not yet attained to the coossification of epiphyses. This theory may
account for the condition of the humeri in the two species mentioned. It

(iccurs equally in the Trimerorhnchis iasignis. As all these species show
every other indication of maturity, and as I have never yet observed free

epiphyses in any of ray numerous Texan collections, I am disposed to

look on this condition of tiie humeri as a case of permanent incomplete-

ness, of which the Batrachia present so many instances.

ACHELOMA CUMMINST, sp. nOV.

Tliis 'animal is represented by a greater part of a skull and vertebral

column, with both humeri and scapuhc and various other bones of the

limbs, including phalanges. All of these remains look a good deal like

Eryops mefjacephalus, and they might be supposed on hasty examination

to belong to the young of that species. On a full investigation the follow-

ing differences appear, besides those already mentioned in the generic

diagnosis.

The muzzle is relatively much shorter, and the extremity is less de-

pressed ; the length from the supraoccipital forwards, is a little less

than tiie total width at the same point. In agreement with this, the man-
dibular rami, after diverging strongly from the symphysis, are stronglr

incurved to the quadrate, a form not found in E. megacephalm. The
sculpture is more sharply defined in the present species. In the vertebrae,

although the intercentra have the same degree of ossification as in the E.

megacephalas, th*^ neural spinee have not the expanded head of those of

the larger species, l>ut look as though they had lost an epiphysis, as in the

case of the humeri. They are erect, with subquadrate section, and not

oblique and grooved as Truaerorliachis insigais. Tiie diapophyses are more
elongate tlian in E. megacrphalus, and their extremities frequently have a

subround or suboval section, and but few have the narrow surface seen in

E. mef/ncephalus. The ribs are short and flat, and have the distal extremities

expanded paddle shape. Laid backwards such a rib reaches to the poste-

rior edge of the third diapophysis posterior to the one to which it is

attached.

Proceedings American Philos. Soc, 1878, p. 528.



1882.]
4:07 [Cope.

The form of the skull is triangular, with rounded apex or muzzle, and a

slight contraction behind the nostrils. The latter are near the edge of the

jaw and open equally laterally and superiorly. The orbits are of medium

size, and are as far from the edge of the jaw as the width of the interorbltal

space, which is about as wide as the diameter of an orbit. The posterior

" table " is flat with decurved lateral edges, which rest in a squamosal su-

ture on the squamosal or quadratojugal and quadrate bones. Its posterior

angle is produced downwards and backwards to noar the distal ex-

tremity of the quadrate. The latter slopes posteriorly and downwards.

The quatratojugal region is strongly convex in vertical section. The

mandibular ramus is strongly incurved posteriorly, from a point opposite

the free extremity of the pterygoid. The symphysis niandibuli is short.

The sculpture is distinct on all the superior surfaces of the skull, and

consists of foss;e of medium size, bounded by irregular narrow ridges.

There are three foss* in 10 mm. The fossae are obsolete on the extremity

of the muzzle and on the anterior part of both jaws.

The teeth are a little longer on the premaxillary than on the maxillary

bone. There are five on each, or six, if the tooth below the nostril be-

longs to the premaxillary bone. The palatine teeth are much larger. The

first, perhaps standing on the external edge of the vomer, is a little pos-

terior to the line of the external nostril . The second is half way between

the nostril and orbit, and the third is alongside of and just posterior to it.

The fourth is opposite a point a little posterior to the middle of the orbit.

Their surface is as yet obscured by a thin layer of fine indurated mud,

which in some instances cannot be removed without destruction of the

tooth surface.

The intercentra of the vertebrae are, as in Eryops megacephalm, ossified

so as to nearly cut ofi the chorda dorsalis, but unlike that species they are

not notched on one side of their lateral apices. The extremities of the

neural spines are subquadrate, rounded behind, and flattened anteriorly.

The edges of the postzj^gapophyses are prominent and flared upwards.

The scapula is robust and flat, having the posterior-external border

longest, and concave, and the superior-posterior, convex. In my speci-

mens the thin anterior edge is broken. The coracoid appears to be coossi-

fied with the proximal external edge of the scapula, and is directed down-

wards and backwards. Its extension is small, and terminates in an apex

posteriorly, and a thick double edge inferiorly. The glenoid cavity borders

this edge, and is sm,all. The epicoracoid if it existed, is lost. The thick

inferior edge of the coracoid and scapula, is similar to those of the humerus

and vertebral processes, which suggest a cartilaginous cap. The position

of the scapula and coracoid is peculiar. If the glenoid cavity is directed

outwards, the ribs adherent to them fit their extremities, from which the^"-

have been broken, which adhere to the vertebrae. This is probably the

natural position. When thus placed, the plate of the scapula is horizontal

transversely, and inclined upwards and posteriorly at 30^. The coracoid
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is vertical. Wheu in place, there is a large tuberosity above and anterior

to the glenoid fossa, iniraediatelj' behind which is a wide shallow fossa.

The curve of the pro.\inial extremity of the humerus is a semicircle.

That of the distal end is less convex, being flattened at the middle.

Viewed proximally the proximal end is a little concave on one side, and

one extremity of the articular surface is expanded and rounded. Viewed
distally. the distal extremity is angulate concave, the middle portion being

straight and the extremities bent in the same direction, one being longer

than the other, and neither expanded. The entire extremity makes an

angle of 90^ with the plane of the proximal end. The epitrochlear foramen

is protected by a strong bridge.

Measureraents.

Skull. M.

Length to line of angles of mandible 188
" posterior edge of supraoccipital 168
" line of posterior edge of orbit 121
" " anterior edge nares 017
" " extremity of pterygoid 142

"Width of skull at angles of mandible 134

" " "greatest 158

just behind nares 051

" " at nares
,

054

" of cranial table at middle 086

" between orbits 030

Length of a premaxillary tooth Oil

Diameter of base of ao 004

Length of a median maxillary tooth 007

Diameter of base of do 004

Length of a median palatine tooth 021

Diameter of same at base 009

Depth of ramus mandibuli at angle 015

VertebrcB and Ribs.

T^. ^ f.
. . . „ f transverse 018

Diameters of mtercentrum < . ..„
I. antropostenor 010

Total elevation of same vertebra 027

Elevation of neural spine above postzygapophysis 005

Total expanse of diapophyses of same 027

Length of diapophysis from postzygapophysis 0095

f neural spine 206

Diameter of end of
diapophysis {

transverse 004

C ^ ^ ' I vertical 006

Length of rib of 5th vertebra in advance of the vertebra

measured 038

Width of rib distally 027
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Scapular arch. M.

Length of scapula on anterior face 069

"Width do. at antero-internal distal angle, transversely. .033

" of coracoid and epicoracoid at glenoid cavity,

from edge of scapula 023

Length of epicoracoid and coracoid 037
" humerus 064

Width of shaft at middle 016

Diameters proximal end \
°°S

^^ ^
c short at middle 010

Diameters distal end |
^^^ .',*^"

*

„^«
•- short at middle 010

Length ungual phalange 004

" second " 0075

" first " 0135

Width do. fP^^^^^^ly
JiJ

I. distally 008

This species was discovered by Mr. W. F. Cummins, to whom I dedi-

cate it with much pleasure.

ANISODEXIS Cope, genus novum.

Class Batrachia ; order Rhachitomi ; family Eryopidoe. Teeth on pre-

maxillary, maxillary, and dentary bones of unequal lengths, some very

large, others very small. Dentinal inflections straight, nearly reaching

the pulp cavity. Cranial surfaces sculptured.

This genus differs from all the others of the Eryopidce, in the great and

abrupt inequality of the teeth of the external series of the mouth, resem-

bling in this respect some of the Saurians of this deposit, rather than the

batrachia. Whether it possesses long palatine or pterygoid teeth such as

most of the latter exhibit, is not rendered clear by the specimens, but ap-

pearances indicate the presence of one near the anterior part of the maxil-

lary. Mandibular series simple.

Anisodexis imbricarius Cope. sp. nov.

Founded on numerous fragments of the skull with jaws, and a verte-

bral arch and spine found in connection with the remains of the Diplocau-

lus magnicornis. These pieces indicate a larger species than the latter,

and are nearly equal to ihe Eryops megacephalus. The jaws are not pre-

served entire, but portions from different parts of the length display

the dental characters.

The sculpture of such parts of the superior surface of the skull is a coarse

reticulation, coarser than in any other species known to me. Near the

edges, some of the bones become smoother, and the ridges flatten into

overlapping larainaj. The entire sculpture of the dentary bone is of this

imbricate character, the apparent overlapping being from before back-

PROC. AMER. PHILOS. SOC. XX. 112. 3P. PRINTED NOVEMBER 18, 1882.
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wards, and belovr upwards. This is totally different from what is observed

in the other known species of Eryopidm, Trimerorhachid(c, and Diplocau-

lida. The teeth are round in section, but become lenticular near the apex,

developing low cutting edges. The basal grooves are fine, but distinct,

and extend halfway to the apex, or farther. One large, and one medium
sized teeth stand on each dentary bone near the symphysis, and there are

two similar ones at a point further back on the same bone. Near the an-

terior part of the maxillary, below the ? nostrils, is a huge tooth, with a

graduated series of small teeth posterior to it, and a very small one ante-

rior to it.

The neural arch of a vertebra has a well developed vertical spine. Its

neurapophysis rested in an oval fossa of the centrum which probably was
divided into pleurocentra. The prezygapophyses are very small, and look

directly upwards. The postzygapophyses are much larger, and look

obliquely outwards and backwards. The spine is not expanded at the

summit, and is granular, as though it was protected by a cartilaginous

cap. Its section is anteroposteriorly lenticular, with acute edge (angle)

posteriorly, and a very narrow truncate edge anteriorly. The latter is

bounded below just above the root of the neural arch by two little fossa?.

The posterior keel is bounded below by a corresponding single fossa. The
posterior acute edge of the spine is dentate, and the surface on each side

of it, is beveled with rabbeted surfaces as though for a coarse squamosal

suture. But the appearance of suture is fallacious, and is simply due to

contraction of the transverse diameter of the spine. The neurapophysis

is much narrower anteroposterior!}' than the neural spine.

Measurements. M.

Depth of maxillary bone at large anterior tooth 037

" dentary at symphysis 025

near middle 021

Width " " " 015 .

Diameter of base of large maxillary tooth 010
" " small maxillary tooth 0035

Length " " " " 008

" of large mandibular tooth near symphysis 016

Diameter of base of crown of do 006

Elevation of neural arch. , 037

f vertical 029
Diameters neural spine < » „ (anteroposterior 019

I
** ^P^^

I transverse 012

Width neurapophysis anteroposteriorly 010

From Mr. W. F. Cummins' collections.

I had thought at one time that this species might be referable to the ge-

nus Leptophractus of the Coal Measures. No trace of the vertebrae of the

Rhachitomous order has yet been found in that formation in this country,

nor have any of the Coal Measure genera of Batrachia yet been found in



1882.] 461 [Cope.

the Permian of the United States.* It is not improbable that such occur-

rence of genera may yet be substantiated, l)ut the identification of an or-

der hitherto unknown in a formation, on uncertain characters, is not a safe

proceeding. The vertebrae of Leptophractus although not certainly known,

are supposed to be of the Labyrinthodont type. The teeth are much more

compressed and trenchant than in the present species, nor do there appear

to be any long ones near the symphysis mandibuli. I consider the ques-

tion of reference to Leptophractus to be still an open one.

The family EryopidoB, though abundant in individuals, is not represented

by many species. They are presumably as follows :

Anisodexis imbricoAHus Cope.

Acheloma cumminsi Cope.

Eryops reticulatus Cope.

Eryops ferricolas Cope {Parioxys olim).

Eryops megacephalus Cope.

Actinodon frossardi Gaudry.

Zatrachys serratus Cope.

Zatrachys apicalis Cope.

But the occipital condyles are unknown in Acheloma and Zatrachys.

I may add here that through the courtesy of Messrs. Scott and Osborne,

I have seen, in the Museum of Princeton College, vertebrae of some species

of the Rhachitomi from Saarbriicken, along with Archegosaurus, with entire

centra, from the same locality.

Synopsis of the Vertebrata of the Puerco Eocene epoch. By E. D. Cope.

(Bead before the American Philosophical Society, October 20, 1S82.)

REPTILIA.

CROCODILIA.

Crocodihis sp.

Crocodilus sp.

Crocodilus sp.

TESTUDINATA.

Plastomenus f communis Cope.

Dermatemys sp.

Compsemys sp.

Emvys sp.

* PeplorMna arctata Cope, from the Illinois Permian, is not a Peplorhina, but
a Theromorpli Saurian.
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CH0RI8T0DERA.

Ghampsosaurus australis Cope, American Naturalist, 1881, p. 690.

Chfimpsosaurus puercensis Cope, Proceedings American Philosophical

Society, 1881, p. 195.

Champsotauras saponensis Cope, Loc. cit. 1881, p. 196,

MAMMALIA.

MARSUPIALIA.

Ptilodus mediaevus Cope, American Naturalist, 1881, p. 933.

Ptilodus troMssartianus Cope, loc. cit. 1883, p. 686.

Catopsalis foUatus Cope, loc. cit. 1883, p. 416.

Gatopsalis poUux Cope, loc. cit. 1883, p. 685.

Polymastodon taoensis Cope, loc. cit. 1883, p. 684.

BUNOTHERIA.

Taeniodonta.

Hemiganus vultuosus Cope, loc. cit. 1883, p. 831.

Tmiiolahis scalper Cope, loc. cit. 1883, p. 604.

TiLLODONTA.

Psittacotherium multifragum Cope, 1. c, 1883 p. 156.

Psittacotherium aspasice Cope, Proceed. Amer. Philosophical Society,

1883, p. 193, (1883).

Mesodonta.

Pelycodus pelvidens Cope, Proceeds. Amer. Philos. Soc. 1881, (1883) p.

151. Lvpodectes peloidens Cope, American Naturalist. 1881, p. 1019.

Hyopsodus acolytus Cope, sp. nov.

This the least species of the genus, is also the oldest, being derived from

the Puerco horizon. Parts of two individuals furnish the characters ot

the inferior and superior true molars, and the fourth superior premolars.

The species difters from those hitherto described in other characters than

the minute size. One of these is the absence of posterior interior cusp, the

heels of tlie first and second true inferior molars being bounded by a ridge

only at this point, as in most of the species o{ Pelycodus. The last inferior

molar is not smaller than the second, nor longer. The anterior cusps of

all the molars are robust, so that on the first and second true mojars they

are separated by a shallow notch only. There is a rudiment of the anterior

inner cusp on the first true molar but none on the second and third. The
posterior external is obtuse and has a triangular section on all the molars;

a crest is continued from the heel of the third molar on the inner side of

the crown half way to the anterior inner cusp.
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The Microsyops spierianus differs from this species in its smaller size

(true molars .008) and in the presence of posterior internal cusps of the

true molars.

The Hyopsodus acolgtus was found by Mr. D. Baldwin, in New Mexico.

Ckeodonta.

Sarcothraustes antiquus Cope, Proceeds. Amer. Philos. Soc. 1881 (1882),

p. 193.

Dissacus carnifex Cope, Amer. Natst. Oct. 1883 (Sept.), p. 834.

Dissacus navajovius Cope, loc. cit. 1881, p. 1019. Mesonyx navajovius

Cope, Proceeds. Amer. Philos. Society, 1881, p. 484.

Triisodon quivirensis Cope Amer. Nat. 1881, p. 667.

Trnsodon heilpriniamis Cope, Proceeds. Amer Philos. Soc. 1881 (1882),

p. 193. t

Deltatherium fundaminis Cope, Amer. Nat. 1881, p. 237 ; 1881, p. 337.

Lipodectes penetrans, loc. cit. 1881, p. 1019.

Deltatherium baldwini Cope.

This Creodont is known only from a portion of a right mandibular

ramus which supports the two last premolars, and the first true molar with

part of the second. It diflers from the D. fundaminis in its materially

smaller size, and in the forms of the teeth. The first true molar is a more

robust tooth, and the basis of the posterior or heel crest is more rounded,

and less angulate. The anterior inner cusp projects less anteriorly. The
fourth premolar has a distinct anterior basal lobe which is wanting in the

D. fundaminis. Its heel is short and wide, and the posterior face of the

principal cusp is flat, and there is a rudiment of an internal tubercle on its

side. The second premolar is elevated and acute, has no anterior basal

lobe, and has a very short wide heel, enamel slightly roughened. The
animal was rather aged.

Measurements. M.

Length of P-m. ii and iii and M. ii 0160

Diameters M. i |
anteroposterior 0058

I. transverse 0040

Elevation of crown of P-m. iii 0052

Depth of mandible at M. i 0180

From the Puerco beds of N. W. New Mexico. Dedicated to Mr. D.

Baldwin, the discoverer of the Mammalian Fauna of the Puerco beds,

which is one of the most important in the history of American Palaeon-

tology.

Deltatherium interruptum Cope.

The smallest species of Deltatherium is, like the D. baldwini, only repre-

sented by the anterior part of a right mandibular ramus, which supports

the last premolar and the first true molar, with the bases of the other pre-
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molars and part of the canine. The canine is small and the first premolar

in accordance witli the generic character, is wanting. The second pre-

molar is two-rooted The fourth has an elevated principal cusp, and a

narrow heel on the inner side of the posterior base ; anterior base injured.

Tlie first true molar has very little sectorial character, and resembles the

corresponding tooth of a Pelycodus. It differs entirely from that of the

D. fandaminis in the possession of a well marked posterior internal cusp,

which is connected by a ridge with the large internal lateral cusp of the

heel. Tiie anterior cusps of opposite sides sub-equal. A weak external

basal cin«riihim on the anterior half of the crown; no internal cingulum.

Enamel oi the tooth wrinkled.

Measurements. ' M.
Length of premolar series 0140

Elevation of P-ni. iv 0040

DlametersofM.ii^"'^'-'' r)"^^^"^'* ^055

.
l transverse 0042

Depth of ramus at P-m. i.. 0090

M 0113

On comparison with the D. fundaminis, the first molar tooth has the

same dimensions, but the premolars are considerably smaller. The ramus

is also shallower. Found by Mr. Baldwm in the Puerco beds of North-

west New Mexico.

Didymictis haydenianus, sp. nov.

This creodont is represented by parts of the maxillary and mandibular

bones of the left side, the former supporting the four, and the latter

supporting the three last molars. The arrangement of the superior molars

is much as in D. protenus, the fourth premolar being a true sectorial. The
third premolar has no internal lobe, although the section of the base of the

crown is narrowly triangular. It has anterior and posterior basal lobes, and
a posterior lobe on the cutting edge. In the sectorial the median lobe is

a good deal more produced than the jiosterior, though the two form together

the usual blade. The anterior basal lobe is distinct ; and the internal is larger

and is conic. The first true molar has the anterior external base of the crown
produced. Its two external cusps are conic and distinct. The internal part

of the crown is rounded and supports a conic internal tubercle, which is

separated from the external cones by two small concentric tubercles. The
second true molar is considerablj' smaller, and is transverse, its external

border being very oblique. It has an acute internal lobe.

The character of the species is well-marked in the inferior true molars.

The first has the form seen in other species of Didymictis. The heel is

large, and with a median basin between lateral cutting edges. The two
anterior inner cusps are of equal elevation and are near together ; the

external is much larger. The last molar is elongate, but reduced in size.

Its anterior three cusps, rudimental in other species, are here elevated,

forming the triangular mass seen in the first true molar. They are not so
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elevated, however, as in that tooth, and thus not so much developed as in

Oxymna, Stypolophus, etc. The fourth premohir has a median cutting edge

on the short heel.

Measurements. * M.

Length last four superior molars 023
" P-m. iii 0065

" iv 0085

Width " " 0050

!

anteroposterior 0055

transverse 0088

oblique external 0073

_. , -_ .. f anteroposterior 0037
Diameters M. u-(, «„_c

I. transverse 0055

_. ^ . ^ . -»;r T r anteroposterior 007
Diameters inferior M. I

J

_„_
\ transverse 005

T^. ^ . i. . -iiT XT r anteroposterior 0055
Diameters infenor M. IT v „„„

( transverse 003

Depth of ramus at M. II, (squeezed) 010

The peculiar characters of the last inferior molar distinguish this species

from its congeners. The last superior molar is relatively smaller than in

the D. protenus. In size this species is superior to the D. dawkinsianus,

and is smaller than the D. leptomyhis. It is dedicated to the distinguished

geologist. Dr. F. V. Hayden.

New Mexico, D. Baldwin.

TAXEOPODA.

CONBYIiARTHRA.

Periptychidae.

Periptychus rhabdodon Cope. Catathlceus rhabdodon, American Natur-

alist, 1881, 829.

Periptychus carinidens Cope, loc. cit. 1881, p. 337.

Periptychus ditrigonus Cope, sp. nov.

This rare species is known from a right mandibular ramus, which ex-

hibits part of the symphyseal suture, with the alveoli of the molar teeth,

except the first. The only well preserved crown is that of the second true

molar.

The second true molar presents very peculiar characters, and the man-
dibular ramus is shallower and thicker than in the two other species of

Periptychus. The former has a wide external cingulum which is

not present in the other species, and there are only six cusps

instead of seven. These are peculiarly arranged. The anterior three

are much as in P. rhabdodon, the anterior being not quite so far in-

ternal as the posterior inner, close to it, and as large as the anterior

external. The posterior three, are a posterior inner and posterior median

as in P. rhabdodon, and a peculiarly placed posterior external. This is not
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opposite the posterior inner, but is anterior to such a position and inter-

mediate between the latter point, and the one occupied by tlie median

tubercle in P. rhahdodon. It is as large as the anterior external tubercle.

All these tubercles are conical, and not connected by angles or ridges.

The posterior external cusp leaves the cingulum wide posteriorly, and its

edge develops some small tubercles. There are also some small tubercles

at other points on the edge of the crown, but no other cingula. The
enamel is not regularly ridged as in P. rhabdodou, but has a rather coarse

obsolete wrinkling.

Measurements. M.

Length from P-m. ii to M ii inclusive 052

Diameters of M.ii |
anteroposterior Oil

I. transverse 010

Depth of ramus at M. ii 032

Width of " " 016

Depth of " " P-m. ii 019

From the Puerco formation of New Mexico, D. Baldwin, discoverer.

Haploconus lineatus Cope, Amer. Nat. 1882, p. 417.

Haploconus angustus Cope, Loc. cit. 1882, p. 418. Mioclcenus angnstus

Cope, loc. cit. 1881, p. 831.

Haploconus xvphodon, sp. nov.

This species is represented by a mandibular ramus, and perhaps by three

rami. The one on which the species rests contains five molars, the middle

one of the series broken, so that its form cannot be positively ascertained.

It is probable that it is the first true molar, so that the animal exhibits the

last true molar not entirely protruded, and is therefore nearly adult, but

there are some reasons for suspecting it to be young. Thus the last inferior

molar does not exhibit more of a heel than the second usually does, and

the third supposed premolar is smaller than that tooth is in the other spe-

cies, having nearly the proportions of the second premolar. The teeth

present may then be supposed to be the molars from the second

to the sixth inclusive. But opposed to this view is the fact that the sup-

posed third premolar has more the structure of that tooth in details, than

that of the second, and the specimens accompanying, which have the tem-

porary dentition apparently of the same species, present premolar teeth of

a very different character. In any case the present specimen represents a

third species of the genus, and I describe it at present as an adult.

The third premolar has a simple compressed crown, about as high as the

length of its base, and witlput anterior basal tubercle. It has a narrow
triangular posterior face which is concave, and truncated by a cingulum
below ; no heel proper, nor lateral cingula. The fourth premolar is an
elongate tooth consisting of a compressed principal median lobe, an ante-

rior lobe connected with it, and a heel. The latter has elevated posterior

and interior borders. A rudiment of an exterior border is seen in a narrow
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ridge on the external side of the posterior face of the principal lobe of the

tooth.

The sides of the premolars present rather distinct ridges, as in Peripty-

chus carinidens. The second true molar has two anterior and three poste-

rior tubercles ; the latter close together, pointed and of about equal size.

Of the anterior tubercles, the external is much the larger and more ele-

vated. It is compressed and has a curved subacute anterior edge, which

extends much in front of the internal tubercle. There is no anterior inner

tubercle, nor are there any cingula. The enamel of the sides of the crown

presents a few vertical ridges. The last inferior molar only differs from

the second, in tlie greater size of the median posterior lobe, which is never-

theless smaller than in the two other species of Haploconus.

There is a mental foramen below the posterior edge of the second in •

ferior premolar.

Measurements. M.

Length of last five inferior molars 0250
" third premolar 0050
" fourth premolar 0066
" second true molar 0050

Width of second true molar 0033

Length of third true molar 0050

Depth of ramus at P-m. iii 0095

M. iii 0130

The two rami with the temporary premolars, exhibit the last true molar

enclosed in the jaw. The third and fourth premolars are much like the fourth

premolar of the specimen above described, but the fourth is a little more

robust than that of the latter, which is very much like the third of the de-

ciduous series. The space occupied by the supposed first premolar of the

type specimen is too short for the fourth premolar of the deciduous series,

otherwise it might be supposed to have occupied that position. The two

true molars resemble those of the type, excepting that the last one does

not extend so far into the base of the coronoid process, and is in accord-

ance with the position as number two in the series.

The specimens were procured by Mr. D. Baldwin in the Puerco beds of

New Mexico.

Haploconus entoconus Cope, loc. cit. 1882, p. 686.

Anisonchus coniferus Cope, loc. cit. 1882, October (September), p. 832.

Anisonchus gilUanus Cope. Haploconus gilUanus Cope, loc. cit., 1882,

p. 686.

Anisonchus sectorius Cope, Proc. Amer. Philos. Soc. 1881, p. 488, Mio-

claenus sectorius, Amer. Nat. 1881, p. 831.

Hemithkeus koioalevskianus Cope, Amer. Nat. 1883, p. 832.

HemithlcBUS opisthacus Cope. Mioclcenus opistliacus, 1 c. 1883, p. 833.

Gonoryctes comma Cope American Naturalist, 1881, p. 829.

PROC. AMER. PHILOS. SOC. XX, 113. 3g. PRINTED NOVEMBER 18, 1882.
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Conoryetes crassictupis Cope.

The posterior part of a mandibular ramus supporting the last two molar

teeth indicates a second and larger species of the genus. The ramus is

one-half deeper than that of the G. comma, and the second true molar is

much larger than in that species. The last true molar is much smaller

than the the penultimate, and consists ot three anterior cusps and a longer

heel. The former are obtuse, the external the longer, the internal equal,

the anterior on the inner edge of the crown. The heel sustains a low

conic tubercle.

From the Puerco beds of N. W. New Mexico.

Phenacodontidse.

Protogonia plicifera Cope, Amer. Nat. 1883, Oct. (Sept.), p. 833.

Protogonia svbquadrata Cope, Proceedings Amer. Philos. Soc. 1881, p. 492

Phenacodus puercensis Cope, Proc. Amer. Philos. Soc. 1881, p. 492.

Phenacodus zuniensis Cope, loc. cit. p. 492 ; loc. cit. 1881 (1882), p. 180.

Pantolambda bathmodon Cope, Amer. Nat. 1882, p. 418.

MioclcBTius turgidus Cope, Amer. Nat. 1881, p. 830.

Miodmnus minimus, sp. nov.

This is one of the least mammalia of the Puerco fauna, exceeding by a

little the Hyopsodus acolytus. It is represented by parts of two mandibles,

which display all the true molars. As there are no premolars preserved,

its reference to the genus Mioclmnus is provisional only, but its true molars

have the peculiar characteristics of those of the M. turgidus.

The two anterior cusps of the true molars are higher than the heel, and

they are united together to a point above the level of the heel. The sec-

tion of both those of the M. ii is round ; that of the external one of the first

is cresentic ; of the inner cusp, round. The heel is wide, and supports a

cusp at the posterior external angle. It is bounded posteriorly, and on the

inner side by a raised ridge, which gives with the cusp, on wearing a

comma-shaped surface. A transverse ridge closely appressed to the ante-

rior cusps connects them anteriorly. In one of the specimens there is 'a

cingulum on the external side of the second inferior molar ; on the other

specimen it is wanting. Enamel smooth.

The mandibular ramus is rather deep and compressed, and displays an

external ridge on the anterior border of the coronoid, which is not con-

tinued downwards.
Measurements {J^o. 2). M.

Length of basis of true molars 0125

Diameters M. n / anteroposterior 0040

t- transverse . 0035

Depth of ramus at M. ii 0073

From the Puerco beds of New Mexico. D. Baldwin.

Mioclmnus suhtrigonus Cope, Amer. Nat. 1881, p. 490, 491.

Mioclcenus protogonioides Cope, loc. cit. 1882, Oct. (Sept.), p. 833.

Mioclcenus mandibularis Cope, Amer. Nat. 1881, p. 830.

Mioclmnus baldwini Cope, loc. cit. 1883, Oct. p. 833.
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GENERAL REMARKS.

The preceding list of fifty-six species is doubtless sufficiently character-

istic to enable us to form a pretty good idea of the Puerco fauna.

Omitting six undetermined species of reptiles, we find the following

peculiarities in the remaining forms. As already pointed out the three

determined species of reptiles belong to a suborder, which has thus far

been only found in the Laramie formation, or Cretaceous No. 6. This

gives the Puerco at once a position below all the other tertiaries. The
mutilate orders of mammals may be dismissed as being not likely to occur

in a lacustrine formation. The orders of land Mammals are represented

as follows :

Monotremata

Marsupialia 5

Rodentia

Chiroptera .-.

Edentata

Bunotheria 15

Tseniodonta 2

Tillodonta 2

Insectivora

Mesodonta 2

Lemuroidea

Creod.onta 9

Taxeopoda 25

Hyracoidea

Condylarthra 25

Proboscidea

Amblypoda
Diplarthra ,

Carnivora

Quadrumana

Total 45

The above list renders the peculiar facies of this fauna at once apparent.

It is the only Tertiary fauna known, from which Perissodactyla are ab-

sent. The absence of Amblypoda, one of the oldest types, is unexpected.

The lack of Rodentia is remarkable, and perhaps only due to failure of

discovery ; but if yet to be found, they must be very rare, and their

absence is consistent with their small representation in the Wasatch beds

above them. In the large number of Bunotheria, the Puerco agrees with

the later Eocenes, but the order is here characterized by the small number
of Mesodonta ; and the Lemuroidea are apparently absent. An especial

feature of the fauna is the presence of five undoubted species of Mar-

supialia of the family Plagiaulacidae, which has its origin in the Jurassic
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period, and extended through the Cretaceous. It is represented in the

latter period in the Laramie by the genus Meniscoessua.*

In the absence of a number of the existing orders of placental Mammalia,

the Puerco agrees with other Eocene faunae. In the absence of all of the

placental orders with convoluted cerebral hemispheres, this fauna is more

primitive than any other Eocene fauna. Tlie absence of all ungulata ex-

cepting Taxeopoda, which have the most primitive foot structure, is further

evidence ot its primitive character. This is further increased by the pres-

ence of the Marsupialia above mentioned. The general result is a mix-

ture of Marsupial, and semi-marsupial forms, with half lemurs, and a

great expansion of the Hyracoid type.

In more detail, the genera of Bunotheria may be compared with those of

the period immediately following ; viz. : The Wasatch. One genus only

of the Creodonta is common to the two epochs {Didymictis). Five of the

species remaining are much like oppossums, and may be Marsupialia. The

two genera [Deltatherium and Triisodon) to which they belong, do not

occur in the Wasatch. The remaining two genera, (three species) are

peculiar to the Puerco, but represent a family (MesonychidiE) which

occurs throughout our Eocenes. The two species of Mesodonta belong to

genera of the Wasatch, one of them at least extending into the Bridger.

The genera of Tseniodonta and Tillodonta are distinct from those of any

of the later Eocenes, so far as known.

Supplement on a new Meniscotheriumfrom the Wasatch epoch.

Meniscotherium tapiacitis, sp. nov.

The species now to be described is a good deal smaller thau M. chamense,

and, a fortiori, than the M. terroerubrce. It is known to me from the

nearly entire rami of a single mandible. These support the last five molars

of one side or the other, and alveoli of two others and of the canine tooth.

Two characters besides the small size, are observable in this jaw. First,

the symphysis has not the shallow convex inferior outline in transverse

section ; but is on the contrarj^ angular, having subvertical sides separated

from a convex middle by a rounded angle. The sj^mphysis is thus deeper

than in M. terrwrubrm. Second, the crown of the third inferior molar tooth

has partly the form of that of the second of the M. terrmrubroe. It is antero-

posteriorly short, and has a short heel and no anterior basal lobe ; the sec-

tion of the principal lobe is lenticular, and profile subconic. In M. terrm-

rubrcB ih'is tooth is elongate, with well developed heel and anterior lobe.

The alveolus of the canine is relatively larger than that of the 31. terroeru-

bra. The coronoid process does not rise so close to the last molar tooth,

nor so steeply, as in the latter species. The posterior recurvature of the

internal extremity of the anterior limb of the posterior V of the true mo-
lars is but little marked.

• American Naturalist, 1882, p 830, Sept, 28th.
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Measurements. M.

Length of true molars on base 018

Diameters M. ii |
anteroposterior 006

I. transverse 0044

T.. ^ TIT ." f anteroposterior 0065
Diameters M. m< ^

.„„„
t. transverse 003o

Tx. . -o ..' f vertical 0045
Diameters P-m. m< . „,,^

•- anteroposterior 004

Width of inferior face of symphysis 008

Depth ramus at P-m. iii .009

" M. iii 0103

This species was obtained by Mr. D. Baldwin from beds of probably

lowest Wasatch age, in New Mexico.

On the Systematic Relations of the Camivora Fissipedia. By E. D. Cope.

{Bead before tJie American Philosophical Society, October 20, 1882.)

This order embraces the clawed mammalia with transverse glenoid cav-

ity of the squamosal bone, confluent scaphoid and Ivinar bones of the

carpus, and well developed cerebral hemispheres. It is well distinguished

from all others at present known, but such definition is likely to be invali-

dated by future discovery. Some of the Insectivora possess a united

scapholunar bone, but the reduction of the cerebral hemispheres of such

forms distinguishes them. The presence of the crucial fissure of the hemi-

spheres is present under various modifications in all Camivora, while the

parietooccipital and calcarine fissures are absent.

The many types of existing carnivora fall into natural groups, which are

of the grade termed family in zoology. But the distinction of these from

each other is not easily accompauished, nor is it easy to express their rela-

lations in a satisfactory manner. The primary suborders of pinnipedia

and fissipedia are easily defined. Various characters have been considered

in ascertaining the taxonomy of the more numerous fissiped division. The
characters of the teeth, especially the sectorials, are important, as is also

the number of the digits. Turner* has added important characters derived

from the foramina at the base of the skull, and the otic bulla, which Flow-

erf has extended. Garrodij: has pointed out the significance of the number

of convolutions of the middle and posterior part of the hemispheres. I

have added some characters derived from the foramina of the posterior and

lateral walls of the skull. § Mr, Turner also defines the families by the

form and relations of the paroccipital process.

* Proceedings Zoological Soc, London, 1848, p. 63.

t Loc, cit., 1869, p. 5. J Loc. cit., 1878, p. 377.

§ Proceedings Amer. Pliilosophical Society, 1880, p.
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In studying the extinct carnivoi'a of the Tertiary period, it has be-

come neces8£^ry to examine into the above definitions, in order to de-

termine the affinities of the numerous genera which have been discov-

ered. To take thera up in order, I begin with tlie foramina at the base of

the sltull. The result of m\' study of these has been, that their importance

was not overrated by Mr. Turner, and that the divisions of secondary

ranli indicated by them are well founded. Secondly, as to the form and

structure of the auditory bulla. Although the degree and form of infla-

tion are characteristic of various groups of Carnivora, they cannot be

used in a systematic sense, because like all characters of proportion

merely, there is no way of expressing them in a tangible form. For, if

the forms in question pass into each other, the gradations are insensible,

and not sensible, as is the case with an organ composed of distinct parts.

The same objection does not apply so much to the arrangement of the

septa of the bulla. The septum is absent in the Arctoidea of Flower

{Ursidce of Turner), small in the Cynoidea (Flower, Canidce Turner), and

generally large in the ^luroidea (Flower, Felidce Turner). But here oc-

curs the serious discrepancy, that in the Hysenidae, otherwise so nearly

allied to the FelidiE, the septum of the bulla is wanting. Nevertheless,

the serial arrangement of the order indicated by Flower, viz. : commenc
ing with the Arctoidea, following with the Cynoidea, and ending with the

^luroidea, is generally sustained by the structure of the auditory bulla,

and by the characters of the feet and dentition, as well as of the cranial

foramina. Turner's arrangement in the order, Ursida?, Felidse and Cani-

dse, is not sustained by his own characters, and its only support is derived

from Flower's observations on the external or sylvian convolution of the

hemisphere of the brain.* There are three simple longitudinal convolu-

tions in the raccoons ; in the civets and cats the inferior convolution is fis-

sured at the extremities, while in the dogs it is entirely divided, so that

there are four longitudinal convolutions between the sylvian and median

fissures.

An important set of characters hitherto overlooked, confirms Flower's

order. I refer to those derived from the tnrbinal bones. In the ursine

and canine forms generally, the maxilloturbinal is largely developed, and
excludes the two ethmoturbinals from the anterior nareal opening. In the

Feline group, as arranged by Turner, the inferior ethmoturbinal is devel-

oped at the expense of the maxilloturbinal, and occupies a part of the

anterior nareal opening. These modifications are not, so far as my expe-

rience has gone, subject to the exceptions seen in the development of the

otic septa and molar teeth, while they coincide with tlieir indications.

The seals possess the character of the inferior group, or Ursidae, in a high

degree.

The characters derived from the paroccipital process are of limited ap-

plication, as the study of the extinct forms shows.

» Proceedings Zoological Society, London, 1869, p. 483.
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I would then divide the fissiped carnivora into two tribes as follows :

External nostril occupied by the complex maxilloturbinal l)one ; ethmo-

turbiuals confined to the posterior part of the nasal fossa ; the inferior

ethmoturbinal of reduced size Hypomycteri.

External nostril occupied by the inferior ethmoturbinal and the reduced

maxilloturbinal EpiirrCTEKi,

While no doubt transitional forms will be discovered, the types at

present known fall very distinctly into one or the other of these divisions.

The characters are readily preceived on looking into the nares of well

cleaned specimens. The Hypomycteri stand next to the Pinnipedia, since

the maxilloturbinal bone has the same anterior development in that group.

In searching for definitions of the families, it is necessary to be precise

as to the definition of terms. The meaning of the word sectorial is in this

connection important, since there are so many transitional forms be-

tween the sectorial and tubercular tooth. A sectorial tooth then of the

upper jaw, is one which has at least two external tubercles, which are the

the homologues of the median and posterior lobes of the sectorial of the

cat. By the flattening and emargination of their continuous edges, the

sectorial blade is formed. One or two interior, and an anterior lobe, may or

may not exist. In the genera of the Procyonidm, except in Bassaris, the

two external tubercles do not form a blade. The inferior sectorial tooth

differs from the tubercular only in having an anterior lobe or cusp, which

belongs primitively to the interior side. The inferior sectorial teeth with

large heels, as in Viverridse and Canidae, .1 have called tubercular-secto-

rials. The sectorial blade is formed by the union and emargination of the

edges of the anterior and the principal external cusp. This blade is not

well developed in the genus Cynogale and still less in the ProcyonidoB and

CPrsidce. The families are then defined as follows.

Hypomycteri.

I. No sectorial teeth in either jaw.

Toes 5-5 Cercoleptidce.

n. Sectorial teeth in both jaws.

a. Toes 5-5

^. No alisphenoid canal.

True molars f Procyonidm.
" " ^ Mustelida.

^^, An alisphenoid canal.

Molars quadrate, | Aeluridcs.

Molars longitudinal, f Ursidoe.

aa. Toes 5-4 or 4-4.

Sectorials well developed, an alisphenoid canal . . . .» Canidce.
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Epimyctebi.
I. Molars haplodont.

Toes 5-4 ; no alisphenoid canal Protelidoe.

II. ^lolars bunodont, no sectorials.

Toes 5-5 ; an alisphenoid canal ArctictidcB.

III. Molars bunodont, with sectorials.

a. Otic bulla with septum.

^. Alisphenoid canal and postglenoid foramen, present.

y. True molars well developed.

Toes 5-5 Viverridm.

Toes 5-4. CynictidcB.

Toes 4-4 Suricatidce.

yy. True molars much reduced.

Toes 5-5 CryptoproctidcB.

Toes 5-4 Nimratida.

yS^. No alisphenoid canal; post glenoid foramen rudimental or wanting.

Toes 5-4 Felidce.

aa Otic bulla without septum.

No alisphenoid canal, nor post glenoid foramen : Toes 4-4..
.
, ..Hyanidce.

The genera of these families are the following :

Cercoleptid^ ; Gercoleptes Neotropical.

Procyonid^ ; Procyon* Bassaricyon, Bassarts ; Neartic and Neotrop-
ical.

MusTELiDiE ; Melinaj (two tubercles of internal side of superior sec-

torial) ; Taxidea, Meles. Mustelinae, (one internal tubercle of superior sec-

torials) ; Erthydris, Pteronura, Lutra, Aonyx, Barangia ; Helictis, Zorilla,

Mephitis, Conepatus ; Mellivora ; Gulo, Galictis, Putorius, Mustela.

JElurid.e ; Aelurus ; .jSRuropodM ? Hyaenarctos.

URSiD.nE ; Helarctos ; Arctotherium ; Ursus ; Melursus.

Ck^vd^ ; Megalotis\ ; Aiiiphicyon ; Thous, Palcsocyon, Temnocyon, Oale-

cynus, Ganis, Vulpes, Enhydrocyon, Hyomocyon, Brachycyon, Tomarctus,

Speothus, Synagodus, Dysodus, Oligobunis, Icticyon, Lycaon.

Protelid^ ; /V(3<eZes. Ethiopian.

ARCTiCTiDiE ; Arctictis. Indian.

Viverridm ; Gynognle, Arctogale, Paguma, Paradoxurus, Nandinia,
Hfrnigale, Galidia, P-ionodon, Genetta, Viverricula, Viverra, Galidictis,

Herpestes, Athylax, Calogale, Ichneumia, Bdeogale, Urva, Tceniogale, On-
ychognle, Helogale, Rhinogale, Mungos, Grossa/rchus, Eupleres.

CvNiCTiD.E ; Gynictis, ? Ictitherinm.

SuRiCATiDiE ; Suricata ; Ethiopia.

Cryptoproctid.^=: ; Proalurm ; Gryptoprocta.

NiMRAViD.E ; Archalurus, Nimravus, JElurogale; Dinictis, Pogonodon,
Hoplophoneus.

* Including Nastta, which is not distinct.

t This genus cannot be made the type of a family as Is done by Dr. Gray.
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Felid^ ; Machaerodontinse ; Machcerodus, Smilodon ; Felinae ; Plethml-

urm (g. n.)*, Gatolynx ; Felis ; Neofelis ; Uncia,\ Lynx, CynoElurus.

Hy^nid^, Hyamictis, Hyaena, Crocuta.

Stated Meeting, Oct. 6th, 1882.

Present, 12 members.

Dr. Cresson in the Chair.

Letters of acknowledgment were received fi-om the Royal

Society, Tasmania (90, 91), and the Surgeon General's Office,

Washington (110, 111).

Letters of envoy were received from the Meteorological

Office, London ; and the University Library, Cambridge, Eng-

land.

A request for missing numbers in the set of the American

Philosophical Society Transactions and Proceedings in the li-

brary of the Geological Survey ot Canada, was referred to the

Librarian to report at the next meeting.

Donations for the Library were received from the Acade-

mies at St. Petersburg, Amsterdam, Turin, and Rome ; Swed-

ish Bureau of Statistics ; Christiania University; Royal Danish

Society ; Royal Observatory, Turin ; Zoologischer Anzeiger,

Leipsig ; Revue Politique, Paris ;
Meteorological Council, and

Nature, London ; Geological Society, Glasgow ; M. Douw
Lightfall, Montreal; Natural History Society, Boston; Ameri-

can Antiquarian Society, Worcester ; American Philological

Association ; Free Public Library, New Bedford ;
American

Journal, New Haven; N. Y. Meteorological Observatory;

Buffalo Society of Natural Sciences ; E. M. Museum of Geology

and Archaeology, Princeton ; Franklin Institute, College of

Pharmacy, Pennsylvania Museum of Industrial Art, and E. A.

• Type, Felis planiceps vig. Horsf. Char. Second (first) superior premolar two
rooted ; orbit closed behind

;
pupil round.

tMr. Wortman has called my attention to a character of this genus which
confirms its separation from Felis, as I proposed in 1879. The maxilloturbinal

bone is less complex in the genus Uncia, than in Felis, consistently with a less

nocturnal habit, and less necessity for acute smell.

PBGC. AAEEB. PHILOS. 800. XX. 112. 3H. PRINTED NOTEMBER 20, 1882.
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Barber, Philadelphia ; Delaware Historical Society ; U. S.

Naval Obpervatory, Census Bureau, U. S. National Museum

und Fish Commission, Washingtou, D. 0.

The death of S. F. Haven, at Worcester, Mass., in Sept.

1881, was ordered to be placed on record.

The death of Robert Briggs, at Dedham, Mass., July 25,

1882, aged about 55, was ordered to be placed on record.

Mr. Lewis read a paper on the Terminal Moraine in Penn-

sylvania.

Mr. Chase communicated a sixth series of Photodynamic

notes.

Mr. Cope described a new synthetic form of Laramie Cie-

taceous mammal, Menisco'issus conquistus, the lirst mammal
species discovered in the Cretaceous.

Nominations 964-968 were read, and the meeting was ad-

journed.

Stated Meeting, Oct. Wth, 1882.

Present, 12 members.

Mr. Fraley, President, in the Chair.

Rev. Dr. Robbins was introduced to the presiding officer and

took his seat.

Letters of envoy were received from the New Zealand Mu-

seum, Howard Coll. Observatory, the N. H. S. at Bamberg,

and the Dept. Int. U. S.

A letter acknowledging Proc. No. 109, was received from

the Danish S. of Sciences.

A letter from Mr. Jos. D. Weeks, of the Census office,

Washington, requesting No. 87, was received.

A letter from Mr. A. Ramsay, office of the Scientific Roll, 7

Red Lion Court, Fleet street, London, requesting exchanges

was received, dated Oct. 5th, 1882.

A letter from the " American " was read.

A letter from the Department of the Interior was received,
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respecting spare copies of the Census Reports of 1860 and

1870.

Donations for the Library were announced from tlie New
Zealand Institute ; Sydney Department of Mines ; M. Bar-

rande
;
Aug. Tisclmer ; L. Riitimeyer ; the N. H. S., Bamberg;

the Gazetta Numismatica, at Como ; Revue Politique
;
Revista

Euskara
; London Nature, C. W. King and C. Piazzi Smyth;

the Massachusetts Historical Society ; Harvard College Ob-

servatory ; N. J. Historical Society; Pennsylvania Historical

Society
;
Journal Medical Sciences ;

Smithsonian Institution

;

U. S. Geological and Geographical Survey, Signal Service and

Census Bureaus, and Surgeon General's ofl&ce ; University of

Virginia; American Journal of Forestry at Cincinnati ; Ameri-

can Antiquarian at Chicago ; Mexican National Observatory,

and a copj^ of Herrera in four volumes from the library of

the late Dr. Allen Yoorhees Lesley, of New Castle, Del.

The death of Mr, John D.ownes at Washington, Sept. 27th,

aged 84, was announced by the Secretary.

The death of Dr. Friedrich Wohler, of Gottingen, Sept.

23d, aged 82, was announced by letter.

Dr. Horatio C. Wood offered for publication in the Trans-

actions a memoir, entitled " On the nature of Diphtheria, a

clinical and experimental research, by Drs. H. C. Wood and

H. F. Forucad."

On motion it was referred for examination to a committee

consisting of Drs. Horn, Ruschenberger and Henry Hartshorne.

Commodore E, Y. McCauley offered for publication in the

Transactions a Dictionary of the Egyptian language.

On motion it was referred for examination to a committee

consisting of Mr. Lesley, Dr. LeConte, Dr. Robbins and Mr.

Phillips.

Prof. I. C. White's communication on the Geology of the

Cheat river, in West Virginia, was read by the Secretary.

Prof. C. W. Claypole's notes on the Commingling of fossil

forms, the discovery of Holoptychius Americanus low in the

Chemung, at Leroy, in Bradford Co., Pa., and on a mistake in
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the Geological map of Bradford Co., were read by the Secre-

tary.

Mr. Lesley described some recent observations of the amount

of ice erosion along the crest of the Kittatinny mountain, west

of the Delaware "Water Gap, by Prof. H. C. Lewis.

Prof Cope commnnicated a catalogue of twenty-eight new

species entitled "Synopsis of the Vertebrata of the Puerco

Eocene epoch," and a paper " On the systematic relations of

the Oarnivora."

On motion the deficiencies in the set of American Philo-

sophical Society in the library of the Geological Survey of

Canada were ordered to be supplied.

On motion of Mr. Phillips the President was requested to

prepare a minute of the Bi-Centennial Celebration of the set-

tlement of Pennsylvania, to be embodied in the records of the

Society.

Pending nominations Nos. 964 to 968 were read and ballot-

ed for, and new nomination No. 968 was read.

On examination of the ballot boxes by the presiding officer,

the following were declared duly elected members of the

Society :

Charles Rau, M. D., Curator TJ. S. Museum, Washington.

Garrick Mallery, Lieutenant-Colonel U. S. A.

Hermann Kopp, of Heidelberg University.

Reinhardt Blum, of Heidelberg University.

Gustaf Tschermak, Director Geol. Reichsanstalt, Vienna.

And the meeting was adjourned.
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Notes on the Geology of West Virginia. By 1. 0. White.

{Read before the American Philosophical Society, October 20, 1882.)

The Geology of the Cheat river Canon along its course through Laurel Hill and

Chestnut Ridge, between Albright (Jiear Kingwood), in Preston county, and

Ice's Ferry, in Monongalia county.

The material for the present paper has been gradually accumulated on

class excursions from the University during the last five years.

Cheat river takes its rise on the summit of that great plateau, near the

Randolph-Pocahontas line, from which so many large streams radiate to

every point of the compass, the Elk, Greenbrier, James, Potomac, Monon-

gahela and Cheat, all having the source of their principal branches on this

plateau at an altitude of more than 3000 feet above the sea.

From this elevated divide, several branches—Dry, Laurel, Globe and

Shaver's—flow northward in narrow, parallel valleys, into the southern

portion of Tucker county, where meeting Black Fork from the north-east,

they unite to form the main Cheat river which with many windings con-

tinues its general course almost due north to Albright, the south-eastern

limit of the district under examination. Here, however, it veers to the

nortli-west and maintains that general direction for the next twenty-five

miles to Ice's Ferry, in Monongalia county, where it again veers north

and unites with the Monongahela river just north from the W. Va.-Penna.

line.

At Albright, the channel of the river is in the bottom of the syncline

between the Viaduct and Laurel Hill axes, and its north-west course for

twenty-five miles carries it squarely through Laurel Hill, Chestnut Ridge

and the great synclinal plateau between them. Throughout this twenty

miles (about twenty-five by the river). Cheat river flows in a wild canon

cut down 1000'-1500' below the summits of the bordering mountains whose

slopes are so rocky and precipitous that but a single human dwelling is in

sight along the river, from where one enters the canon below Albright,

until he emerges from it near Ice's Ferry.

The Great Conglomerate, or No. XII, carrying the Lower Coal Measures

on its top, crowns the steepest portion of the canon throughout its entire

length, and' its immense boulders constantly block the narrow channel of

the river, thus giving a wildness and grandeur to the scenery unsurpassed

anywhere along the course of this famous stream.

But unrivaled as is the scenic beauty of this canon, it presents still

greater attractions for the geologist in the splendid natural exposures of

the Great Conglomerate and Sub-carboniferous rocks that it affords ; for

under the arches of Laurel and Chestnut Ridges one may find many almost

clean exposures from the top of No. XII down nearly to the base of No.

X. To place some of these magnificent sections before those interested in

Carboniferous geology is the principal object of this paper, and in order to

accomplish this systematically we shall begin with the section at Ice's

Ferry, and pass south-eastward up the Cheat river to Albright.
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At this ferry, the road leading from Morgantown, W. Va., to Uaion-

town, Pa., crosses the river which, emerging from the canon of No. XII,

(me mile above, now flows between low hills of the Barren measures with

the Mahoning sandstone making bold cliffs along the immediate banks

About one-fourth mile above the fei'ry, a small stream puts into the w(ist

bank of Cheat over the Mahoning sandstone cliSs, and descending it from

the ^lorgantown road near Mr. Bayles, the following succession may bo

seen. Sec. 1 :

1. Coal (crinoidal) 1'

2. Shales, gray 10'

3. Shales, red 25'

4. Shales and concealed 45'

5. Shales, brown, sandy 10'

6. Goal, Bakerstown 2'.^

7. Sandy shales and shaly sandstone 50'

8. Upper Mahoning sandstone, very massive and pebbly. 30'

9. Shaly sandstone, intermingled with slaty coal and

representing Brush creek coal of Pennsylvania. ... 3'

10. Sandy Shales 7'

11. Lower Mahoning sandstone, visible 85'

12. Concealed to level of Cheat river 10'

Xo. 1 is the coal which so frequently occurs directly under the Qreen

Crinoidal limestone in south-west Pennsylvania and the adjoining regions

in "West Virginia. It is quite impure and is well exposed at the roadside,

some distance north-west from Mr. Bayles'.

No. 3 is the very persistent bed of red, marly shales which so constantly

underlie the Crinoidal limestone in Pennsylvania and West Virginia, even

retaining their place unfailingly in the series when the latter disappears.

The Bakerstoicn coal. No. 6, occurs along the Morgantown road near the

toll-gate at Mr. Bayles', and is of fair quality. I have identified it with

the coal bed occurring 100' below the Crinoidal limestone, described as tUe

Bakerstown coal in my Report Q, on North'Allegheny county, Pennsylvania.

These coals of the Barrens are of course sporadic and irregular in distri-

bution, and their identification over wide areas would seem at first thought

hazardous in the extreme, but as the principal beds alwaj's coqie in at cer-

tain well defined stratigraphical horizons there can be less objection to

.such identification than to a constant multiplication of local names to repre-

sent the same geological horizon, hence as the coal in question comes
about 100' below the Crinoidal limestone, I have thought it preferable to use

the Bakerstown name even though the coal marshes in which each was
formed may never have been connected with one another.

The Upper Mahoning sandstone. No. 8, is very conglomeratic at this lo-

cality, so much so that it was once extensively quarried for mill stones on
the opposite side of the river.

TTie Bru9h creek coal is feebly represented in the section by a bed of
black coal slate interstratifled with thin layers of sandstone, immediately
under the Upper Mahoning sandstone.
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The Lotcer Mahoning Sandstone is not pebbly at this locality, and is

rather inclined to be flaggy, though some portions of it are quite massive.

The Upper Freeport coal lies about 10' below the level of Cheat river at

the mouth of Bayles' run, where our section ends. On the east bank of

the stream, it rises above drainage and was once mined as fuel for the

Laurel Iron Works, situated one-half mile below. The coal is reported

four feet thick and of good quality.

In passing up the river south-eastward from the ferry, the rocks rise

very rapidly toward the Chestnut Ridge axis, and the top of No. XII makes

its appearance above river level in a massive dam-like wall, just below

Mr. Ley's, and not quite a mile above the ferry.

The intervening Lower Coal Measures are not well exposed, being con-

cealed by the immense heaps of talus under the cliffs of Mahoning sand-

stone, but a vertical measurement from the outcrop of the Upper Freeport

coal where seen along the Bruceton turnpike opposite Mr. Ley's, down to

the top of the No. XII Conglomerate makes their thickness 250'. The

only coals in these measures here are the Upper Freeport, and one that

comes about 160' below it, being l^'-2' thick, and very excellent coal. It

is either the Middle or Lower Kitta/nning, most probably the latter.

Continuing on up the river above Mr. Ley's, the rocks rise about 400'-

450' to the mile, and bring the top of the Mauch Chunk shales (No. XI)
above river level at the mouth of Quarrj^ run, a small stream that empties

into the east bank of Cheat, one mile and a half above Ice's Ferry. It

cuts a fine exposure through No. XII and in descending to the river along

its right bank this section was got, Sec. 3 :

1. Sandstone, massive, Homewood, top of

Xn. 25'

2. Concealed 40'

3. Very massive pebbly sandstone 75'

/-coal O'lO"^

4. CoaH sandstone 0' Z"
^
Q^akertovm coalf 1' 4"

icoal 0' 3''?

.5. Black, slaty shale 10'

6. Sandstone, gray, massive 20'

7. Shale mth streaks of coal 1'

8. Sandstone, grayish-white, massive, base of

No. XII 15'

9. Shales, green, containing I. O., top of

No. XI 20'

to. Bed shales 10'

1 1

.

Greenish sandy shales and flaggy sand-

stone 60'

12. Concealed to mouth of old oil well boring. 25'

13. Flaggy sandstone and shales (Mr. Ley's

authority) in oil boring 185'

14. Limestone, Umhral, Mountain, <&c 85'

15. Sandstone, ( Vespertine, No. X) to bottom
of hole 700'

177'

S ^

.30'

CO
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The section of No. XII, obtained at this locality, is quite intereeting

from the fact that it reveals this series much thinner than it had always

been estimated on Cheat river. Owing to the difficulty of finding ex-

posures at the immediate base of No. XII, much of the underlying mas-

sive rock in the ^Huich Chunk shales has heretofore been included in

No. XII on Cheat river, thu§ giving it a thickness of SOO'-SoO'. The

above section shows the true base of No. XII in an unmistakable manner,

and shows that this series lias a thickness of only 180' at the locality in

question.

The uppermost member, No. I, which corresponds to the Ilomneood 88.

of the Penna. Survey reports, is a very massive, grayish-white rock, mak-

ing a bold cliff around the mountain side, 20 to 30 j^ards back from No. 3,

from which it is separated by a concealed interval of 40' at this locality.

This No. 3 is probably a shale or flaggy sandstone interval and may possi-:

bly contain a small coal bed, since the Mercer series of Penna. is due in

this horizon.

No. 3 is the conglomerate portion of No. XII and is seen in one im-

mense overhanging cliff along the right bank of Quarry run. It is a

grayish-white rock, often exhibiting a bufflsh tinge, and contains many
quartz pebbles scattered in layers throughout its mass, being largest and

most numerous in the uppermost 25'. None were seen larger than chest-

nuts.

This stratum would seem to harmonize with the Upper Connoquenessing

sandstone of the Conglomerate series in western Pennsylvania. It is the

great cliff rock along the Cheat river canon.

Immediately below this last stratum, there comes a very interesting

little bed of coal which is quite persistent for many miles along Cheat river,

being generally separated into two layers by a thin sandstone or shale as

shown in the section, and always underlain by a thick bed of black, fissile

slate. The bed is fully exposed for a distance of 200 yards at the base of

the great cliff along Quarry run, and its variations are there beautifully

shown. Occasionally the sandstone comes down and cuts it out entirely

for a few feet, but it suddenly comes in again at the same horizon. It

never gets thicker than 2' and seems to be quite pure, simulating the

"block" coals in phj'sical aspect. Since it appears to come at the same

geological horizon as the Quakertoion coal of Lawrence Co., Pennsylvania.

I have doubtfully referred it to that bed.

A diligent search was made in the hlack shale, No. 5, for fossil plants,

but as yet none have been found except some macerated fragments of

Cordaites.

Nos. 6-8 seem to represent the Lower Gornnoquenessing 88. of Penna.

;

the older, Sharon conglomerate, being in my opinion -unrepresented in the

section.

In passing from No. XII to the rocks of XI, there is a wonderful change
in the lithology of the rocks, the massive, coarse, grayish white beds of
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XII being replaced by a greeu sandy sluile which the geologist instantly

recognizes as belonging in the subcarboniferous beds. The junction of XII

and XI is finely exposed for several rods at this locality, and the former

seems to rest with a slight tmconfortnity on No. XI. In the top of No. XI,

at the horizon of No. 9, occur valuable deposits of iron ore all along the

Cheat river mountains on each side of Chestnut Ridge, and they were

formerly extensively mined and used at the Henry Clay, Laurel, Green

Spring and other furnaces. It is known as the "Swisher,'' and "Moun-

tain" ore, and was mined by both drifting and stripping, the bed some-

times attaining a thickness of 2 feet.

Were there any doubt about No. 9's being the top of XI, No. 10 would

resolve it, for red shale is a factor unknown in No. XII. This red bed seems

to hold a constant place in the Mauch Chunk series along Cheat river,

having been seen at this same horizon in many localities. The section

from No. 13 down, was given me by Mr. Ley, who assisted in drilling a

well for oil near the mouth of Quarry run. As will be seen from the sec-

tion, it makes the Mauch Chunk shale 300' thick, and the Mountain Lime-

stone 85'.

No. 15, is very probably not all No. X, but the lower portion doubtless

penetrates the Catskill, or Chemung, if the former be absent as Prof.

Stevenson claims.

In passing up Cheat river from the mouth of Quarry run, the rocks rise

quite rapidly, and at one-half mile south-east from the locality of the last

section, all of the Mauch Chunk shale, and nearly half of the 3Iountain

Limestone have appeared above water-level, where on the left bank of

Cheat, they reveal this succession (Sec. 3) :

1. Sandstone, current-bedded 10'
^ ^

Concealed 15'
| g

3. Redshale 10' I ^ &
4. Limestone, fossil iferous, impure 8'

j

Jt' p
5. Shales, red and green 15'

j g
6. Shales, marly 5' J ^
7. Limestone, grayish -white, massive 25'

] Eg
8. Shale, calcareous, very fossiliferous 1' I g g
9. Limestone, massive, gray, to level of Cheat

|
§ S-

river (850' A. T. by Bar) 15'
J % |

This little section is interesting from the fact that it exhibits a structure

in the basal portion of the Maxieh Chunk shale, which is quite common in

Payette and Westmoreland counties. Jn those counties Prof Stevenson

(see Repts. KK, and KKK 2d Geol. Survey of Pa.), finds one and sometimes

two thin limestones several feet above the base of the Mauch Chunk shale, and
the same feature is present all along the Cheat river Cafion, as far up as

Rowlesburg at least, where I find three thin limestones within an interval

of 70' above the Mountain Limestone. (See The Virginias for July, 1882.)

PBOC. AMEB. PHILOS. SOC. XX. 113. 3l. PRINTED NOVEMBEB 30, 1883.
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The limestone, No. 4, of the above section, is quite impure, having a brec-

ciated appearance, and is fossiliferous, Spirifen and Producti being espe-

cially numerous. No. 7 was once extensively quarried at this locality, and

used for flux at the old charcoal furnaces near Ice's Ferry. It is quite

pure, making a beautiful white lime much vahied for plastering purposes.

It is possible that some portions of the stone might be successfully em-

ployed as a flux in the manufacture of glass.

The thin calcareous shale, No. 8, is a perfect mass of fossils, among

which Allorisma clavata, Hemipronites crassus, Athyria subtilita, A. subqua-

drata, Spirifer Keokuk, Productm cora, and Crinoidal fragments are most

numerous.

Continuing south-eastwards up the river, the rocks still rise with great

rapidity, and at one mile and a half above the last locality, only 2J miles

from where the top of No. XII first emerges from the bed of Cheat, we get

the following succession in descending the almost vertical wall on the

right bank of the river (Sec. 4) :

Very massive pebbly sandstone

Concealed

Sandstone, massive, coarse

Concealed

Shales and concealed

Red sJtale

Sandstone, greenish, current-bedded

8. Red, and green shales and concealed

9. Limestone, impure

Shales, green and red

Flaggy sandstone and shales

Mountain limestone, in layers I'-IO' thick

separated by thin, calcareous shales

Sandstone, finely laminated, and containing

pebbles of limestone

" Silicious limestone," grayish-white

Sandstone, flaggy

16. Sandstone, massive, pebbly, current-bedded

17. Concealed to level of Cheat river (875 A. T.)

10.

11.

12.

13.

14.

15.

20'
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beds along the Cheat river canon through Chestnut Ridge and Laurel

Hill.

The sandstone in No. 7 gets quite massive at times, and this portion of

the column makes a great bluff along either bank of the river, from which

the descent to the stream is almost vertical in many places.

As will be seen b\' comparing the sections, the interval between the

Mountain limestone and the 10' impure limeitone above, is in this section

just double that in Sec. 3, showing that it is quite variable.

The Mountain limestone, Xo. 12, juts out of the blufl in a great cliff at

this point, and was once quarried for flux for the old Henry Clay furnace,

situated near the head of Quarry run.

No. 14 seems to be identical with the "Silicious limestone" of Steven-

son in Fayette and Westmoreland counties, and is here clearly a portion of

No. X, since 10' of Pocono or Vespertine sandstone comes above it.

No. 16 is a massive, hard, gray sandstone, containing streaks of small

quartz pebbles, and forming an immense cliff along the mountain side.

About one-fourth mile above the last locality, another section taken on

the same (east) bank of Cheat river reveals the following structure

(Sec. 5) :

1. Massive sandstone, and conglomerate, making
lower half of No. XH 100'

2. Concealed 50' \ o ^
3. Sandstone, flaggy, and current-bedded

1J50' J 5 =

4. Layer of breccia 2' ( ?r =^

5. Concealed and red shale 40'
(

^^^'

fi. Limestone, impure 5'

7. Red shale, and concealed 35'

8. Mountain limestone, visible 85'

9. Concealed 25'

10. '
' Silicious limestone," 10'

11. Sandstone, massive, pebbly 100' I ^^. X
12. Concealed with flaggy sandstone at base 175'

13. Concealed to Cheat river (885' A. T.) 150'

This section is but a repetition of the preceding one, with slight varia-

tions, the Silicious limestone being here 10' thick instead of 5'. It is a

light gray rock, containing possibly 40-50 per cent, of lime, and would

make as good pavement blocks as that from Westmoreland Co., so exten-

sively used in Pittsburgh and vicinity.

No. 4 is a curious layer of shale, iron ore, and sandstone pebbles ce-

mented into a matrix of impure limestone.

The rocks still rise quite rapidly south-eastward as we approach the

Chestnut Ridge axis which crosses Cheat river about one mile and a quarter

above the locality of Sec. 5.

About one-half mile south-east from the locality of the last section, a

small rivulet falls over the base of No. XII,.and completely exposes the

I
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beds at the j auction of No. XI, with the foruier, exhibiting the following

in descending the steep east bluff of the river (Sec. 6) :

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

Coh glomerate, very maesive 100' ] -^^ -j^jj

Sandstone, coarse, few pebbles 50' I

^qq,

Shales, sandy, buff, containing some I. O 20'
j

Sandstone, massive, buff 10' J

Shales, yellow, and green, containing I. O. . .
30'

Sandstone, greenish, somewliat flaggy 140'

Layer of breccia, calcareous 2'

Sandstone, green, flaggy 20'

La>/er of breccia, calcareous 1'

Shales, red and green 45'

Limestone, impure 10'

Red shales, and flaggy sandstone 45'
j

Mountain limestone 100'

" Silicious limestone," and Pocono sandstone. .125' ) No. X
Concealed to level of Cheat river 450' ) 575'

293'

I was at first disposed to place the line between Nos. XII and XI at the

base of No. 2 in the above section, but the massive yellowish sandstone.

No. 4, so unlike anything usually found in No. XI, determined its base as

the true dividing horizon between the two series. This is also confirmed

by the thicknesses which result from placing it there, viz. : 180' for XII and

293' for XI shales, which are almost exactly the same as found for each in

Sec. 2.

The "Silicious limestone" is 10'-15' thick at this locality and as usual

passes insensibly into the great sandstone deposit below.

A few rods further south from the last locality another measurement of

the beds gave this result (Sec. 7) :

Massive, pebbly sandstone 150' } No. XII.

Shales and shaly sandstone, buff 35' ) 185'.

Shales, greenish, sandy 30'

Sandstone, greenish-gray, flaggy 90'

Red and green shales 12'

Sandstone, greenish, massive at top, flaggy

and shaly below 65'

7. Brecciated limestone 2'

8. Red and green shales 25'

9. Blue sandy shales, and green flaggy SS.. .
25'

10. Lim,estone, impure, fossiliferous 10'

11. Red and green shales and sandstone 40' >

12. Mountain Limestone

399'
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(a.) Massive limestone in layers 1'—5' thick,

sparingly fossiliferous 25'

(6). Shaly limestone and calcareous shales, very

fossiliferous, especially rich in Pj'oducius,

Spirifer, Athyris, Lophophyllum and Cri-

noidal columns 5'

(c). Limestone, gx&j, goo6., few fossils. 45'

((?). Shales and limestone 35'

110'

13. " Silicious limestone," passing gradually into

sandstone below 30'

14. Sandstone, massive, pebbly, current-bedded,

making cliflfs 100'

15. Concealed to level of Cheat river 475'

No. X.
605.

Here the "Silicious limestone" runs down into the underlying sand-

stone to a depth of 30' and finally fades into sandstone so imperceptibly

that it is impossible to fix the line between the two.

Just above this locality, about one-fourth mile, the Chestnut Bidge axis

crosses Cheat river, four and a half miles from Ice's Ferry. At the latter

locality the top of No XII. is 300' under the river, while here at the axis

its top comes about 1300' above Cheat river, or 1400' higher than at Ice's

Ferry, since the stream falls nearly 100' between the two points.

Here, at the crest of the axis, the Great Conglomerate makes a broad

and gentle arch, being almost horizontal for nearly a mile and a half. Its

outcrop is traversed as usual by great intersecting fissures which are often

3'—4' wide, and separate the stratum into immense blocks, some of which
50' on a side, have toppled over into the steeply sloping edge of the canon,

and look from a distance as though a slight push would dislodge them into

the great chasm beneath.

The scenery along the crest of this great arch is the grandest and most

picturesque to be found on this river, famous for its wildness for a dis-

tance of nearly 300 miles. There are two points from which the out-

look is especially fine, one of these known as Hanging Cliff View is on the

east side of the river and about one mile above the locality of the last

section. Here the river bends sharply westward and a long, narrow
ledge of No. XII. sandstone, extends in a bold c\i& far out into the main
course of the canon. From this elevated point, the eye takes in a radius

of 25 to 30 miles for nearly three-quarters of the horizon ; to the south east

one looks up through the great gorges carved by the river out of Laurel

Hill and Briery mountain, to the vicinity of Rowlesburg (30 miles dis-

tant), where on a clear day, the white puffs of steam and smoke from the

B. & O. R. R. engines may be distinctly seen, as the heavily laden trains

wind up the steep slopes of the Alleghanies to Cranberry Summit, the

lofty peaks of whose surrounding mountains loom proudly against the

horizon ; to tlie west and north, the eye ha^ an unobstructed view down
the cafion and out over its fast receding walls, to the great plateau of the
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Coal Measures, which sculptured into endless forms of hill and dale

stretches aw^y to the limit of vision, in delightful contrast to the rugged

mountains on the east. Add to this the wild dash of the river as it rushes

along over its rocky bed, more than a thousand feet almost vertically

below, disappearing in a silver thread far up and down the cafion, and we

have a picture enchanting in the extreme.

The other point is Brock's View, named in honor of the late Dr. H. W.

Brock, of the W. Va. University, who first discovered the beauties of this

portion of the cafion. It is on the opposite side of the river from the

Hanging Cliff, nearly one mile below, and is scarcely inferior in grandeur

to the latter.

In descending from Hanging Cliff View to the river the following struc-

ture is visible (Sec. 8) :

*

1. Massive conglomerate 75' » No. XII

2. Concealed to base of XII 110' J 185'

3. Concealed.. 190'

4. Shales, red, green, «&;c., containing an impure

limestone just below the centre 100'

5. Sandstone, greenish-gray, current-bedded 10'

6. Mountain Limestone 95'

7. Concealed, with occasional showing of lime-

stone and shales 60'

8. Concealed to level of Cheat river 425'

In descending from the same Hanging Clifi to a point one-half mile fur-

ther up the river, and just below the "Beaver Hole," the following suc-

cession was observed (Sec. 9) :

1. Massive conglomerate, visible 65' -i No. XII

2. Concealed to base of No XII 120' J 185'

3. Concealed 60'

4. Sandstone, green, flaggy 25'

5. Concealed, but showing frequent outcrops of

green, flaggy sandstone 195'

6. Sandstone, green, massive, visible 5'

7. Concealed 10'

8. Mountain Limestone 120'

9. " Silicious Limestone" 30'

10. Pocono sandstone, massive and pebbly at top,

hard and flaggy below to the level of Cheat

river 425'

The Mountain Limestone contains some extensive caverns along Cheat

river, and one not far from the locality of this section has been named the

Eagle Cave, from the fancied resemblance of one of its stalagmitic accu-

mulations to the outspread figure of an eagle. It has been followed into

the mountain side for several hundred yards, and those who have explored

it, report some extensive rooms in this cavern.

Mauch
Chunk'
295'

Shale.
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The "Beaver Hole" mentioned above is a locality just above the Hang-
ing CliS View, where the current of the stream flows around the circumfer-

ence of a circle about 150 yards in diameter, and is six miles above Ice's

Ferry by the river, but probably not more than five in a direct line.

Continuing up the river from this point toward the south-east, the rocks

dip rapidly down, and when Ave come to the mouth of Sandy creek, four

miles above the Beaver Hole, the top of No. XII is only 400' above the

level of the stream, instead of 1300', at the crest of the Chestnut Ridge

axis. Here at tlie mouth of Sandy creek we are in the centre of the

great trough or syucline between the Chestnut Ridge and Laurel Hill axes.

This syncline enters Preston county from Fayette county. Pa., and extends

in a south-west course entirely across Preston. The trough is about seven

miles wide (from Chestnut Ridge axis to Laurel Hill axis) on Cheat river,

but opens out rapidly south-westward from the dying down of its western

rim (Chestnut Ridge axis), so that at the B. «& O. R.R., near Independence,

its breadth is not far from 12 miles.

The Lower Goal Measures shoot into the air on Chestnut ridge, but arch-

ing over, come down into this Preston county sj'ncline, with 200 to 300

feet of the Barrens on top of them, so that at the mouth of Sandy creek,

the Upp&r Freeport Coal comes into the immediate river hills. Sandy

creek flows down the centre of the syncline from the east, removing a

large portion of the Barrens, and near its mouth cutting a wide gap in

the Lower Coal Measures, and a narrow gorge through No. XII.

In the same way. Bull run flows down the central line of the syncline

from the west, emptying into Cheat one-half mile below the mouth of

Sandy. It, too, has eroded a large hole from the Lower Coal Measures, but

on cutting down to No. XII is suddenly arrested, and flows along on its

top for nearly a mile until approaching the river, it cuts through the mas-

sive beds of that series, in several great cascades, giving splendid exposures

of the rocks.

In descending the mountain from Mrs. Spurgeon's (opposite the mouth
of Sandy creek), to Bull run, and thence down that stream to Cheat river,

the following section (10) was constructed :

1. Upper Mahoning Sandstone, massive, visible.. 20'

2. Concealed (spring at 50') 90'

coal, slaty.... 1' G"
]

coal, good ... 2' 0"
shale 0'3"
coal 1'6"

(
7'

shale I'O"
coal, good 1' 6"

,

4. Concealed 10'

5. Upper Freeport limestone 12'

6. Concealed 75' ^^'^'

>"'7. Sandstone, massive, visible (Freeport) 10'

8, Concealed 90'

9. Coal blossom (Kittanning Lower) —
10. Shales, containing "kidney " I. O 10'

11. Concealed and sandy shales 50'

3. Upper Freeport Coal

a
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No. XII.

194'

12. Sandstone, flaggy and massive 30'

13. Massive sandstone, pebbly 60'

14. Very pebbly bed 5'

15. Massive sandstone, scattering pebbles 65'

16. Shale, dark, containing fossil plants 10'

( coal 10" )

17. Coal, Quakertownf\ shale 3" > 1' 6"

( coal 5" )

18. Fire clay 7'

19. Black, fissile slate 15'

20. Concealed 90'

21. Shales, reddish 35'

22. Sandstone, rather massive, greenish 35'

23. Concealed, with occasional outcrop of green,

flaggy sandstone to level of Cheat river at

mouth of Bull run (960 A. T. Bar) 65'

The structure of the Upper Freeport coal and limestone as given above,

was obtained at a new opening on the road which crosses Bull run above

Swindler's mill, and leads southward. The coal has been mined on the

land of Mrs. Spurgeon in the immediate line of the section, but the open-

ing had fallen in when I visited the locality, and the coal could not be seen.

The coal is pitchy black with resinous lustre, is rather free from pyrite,

and has every physical appearance of a good coking coal. The central

bench just below the 3" shale, is not so good as the rest of the bed, being

somewhat slaty on the outcrop.

Ihe Upper Freeport limestone is fully exposed in the ravine below the

coal, and SQcms quite pure throughout, being light gray, very compact, and

breaking with a sharp clean fracture. It contains a minute, univalve

fossil.

The basal portion only of the Freeport sandstone (No. 7) is visible ; it is

a coarse, grayish-white, micaceous sand rock, specked with ferric oxide,

and very much resembles the same bed in western Pennsylvania.

The great sand-rocks of No. XII are completely exposed at this locality,

and as will be seen from the section contain no coal until we come down

to the Quakertown horizon, the Homewood sandstone having merged with

the underlying beds, thus shutting out the Mercer coal and shale series at

this locality, and giving us 160' of rock in one solid mass.

The little coal bed, No. 17, is identical with that given in Sec. 2, at the

mouth of Quarry run, and here, as there, is also double, and underlain by

a large bed of black slate. The coal is quite pure, and contains much

mineral charcoal. In the dark shales above it, were seen some fragments

of Cordaites and leaves of Lepidodendron.

In the section at Quarry run, 35' more of No. XII, principally massive

grayish-white sandstones, occur below this coal, but here, on Bull run,

everything is concealed at this horizon, and the character of the interven
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ing rocks Ciin only be conjc'Ctured. The lopograiiliy would make Uiein

shales, and hence I think it probable that the sand rocks seen at Quarry

run are absent here, and that the black slate, No. 19, rests immediately

upon the Mauch Chunk beds, but should it prove otherwise, the base of No.

XII would then be found about 30' below the top of No. 20, thus making

the entire thickness of this series 225' instead of 194', as given in the sec-

tion.

The top of the Mountain Limestone must, lie about 100' below the level

of Cheat river at this locality, where the centre of the syncline crosses.

At the mouth of Sandy creek, a massive, bufRsh-gray sandstone makes a

bold cliff along the water's edge at 975' A. T. (B), and 220' below the base

of No. XII.
As we pass up the river south-eastwards from the mouth of Sandy, the

rocks begin to rise in that direction, and at one mile and a half above, the

Mountain Limestone has completely emerged from the bed of the river, re-

vealing the following structure along a steep ravine which puts into the

west bank of Cheat (Sec. 11) :

1. Gray sandstone, somewhat massive 20'
1

2. Flaggy sandstone and sandy shales 150' ]Mauch

3. Limestone, impure 10'
;

220'

4. Concealed and green sandy shales 30'
|

Chunk.

5. Red shale 10' J

6. Limestone, massive, gray 40'
,

7. Blue shale and impure limestone 4'
j ^[,juntain

8. ^\i&\y limestone 5'
I Limestone

9. Gray, calcareous shale 2'
j

94.

10. iimes^o//« in massive beds, l'-5' thick 40'
1

11. Green shale 1'
|

12. Red shale 2' '

sandy limestone 2'
|

blue limestone, rather pure.

.

4'
j

'^""-^
^ silicious limestone, passing ^'

Luatstone.
j

gradually into sandstone be- I

[ low 2' J

14. Gray sandstone (Pocono) to level of Cheat. . 10'

This section is valuable, because it gives the first complete exposure

that w^e liave had between \\x& Mountain Limestone and the "Silicious"

beds, showing them separated here by 3' of red and green shales, and thus

allying the "Silicious limestone" more closely with the Pocono SS. into

which it passes by insensible gradations.

In continuing on up the river from this locality, the rocks still rise to

tlie southeast, though not much faster than the bed of Cheat, since its fall

is very rapid over this portion of its course.

In the vicinity of the "Great Falls," four miles above the mouth of

Sandy creek, the west wall of the canon, capped at top by the sandstone

PROC. .\MER. PHILOS. SOC. XX. 112. 3j. PRINTED DECEMBER 28, 1882.
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of XIT, becomes almost vfrlical, and ix'ive a very complete exposure of the

rocks fts shown in the following section (Xo. 12) obtained there :

1. Flaggy sandstone and concealed 25'

2. ^lassive sandstone, top of //omefcoorf 25'
"1

3. Concealed 00' I gg^', '

4. Sandstone, very massive, pebbly 50'
j

5. Sandstone, grayish white, somewhat tlaggy.. 55' J

6. Green shales 15'

7. Concealed, with blossom of coal 10'

8. Green shales and sandstone 130'

9. Sandstone, somewhat massive 25'

10. Greenish, flaggy sandstones 135'

11. Limestone and red shale 25'

12. Limestone 65'

13. Limestone, interstratified with red shale 20'

14. Red shale 10'

15. ^
' Silicious limestone " 35'

16. Sandstone, massive, Pocono, to level of Cheat

river, at Great Falls (1055' A. T. Bar) .... 50'

No. XII is here 220' thick, or nearly 50' greater than at Quarry run in

Sec. 2, and it is possible that it should also include the 25' of flaggy sand-

stone at the top of the section.

Small chunks ot coal were seen mingled with other debris in the con-

cealed interval, No. 7, and if they belong there, the bed would be in the

Mauch Chunk shale, for No. G, above, is unquestionably Subcarboniferous.

The " Silicious limestone" attains a thickness of 35' at this locality, and

even then it is doubtful, if I have carried it down far enough, since 10'-15'

more of the underlying sandstone possesses a very limy aspect in the great

cliflF which rises perpendicularly from the river at the Falls. The whole

stratum is one solid mass from the top of No. 15 down to river level, the

Silicious limestone, as well as the sandstone below exhibiting current bed-

ding.

The " Falls " at this locality is a very rapid descent of the river for sev-

eral rods over the massive portion of the Pocono sandstone, the stream

descending about 10' in as many rods.

The following section (13) was obtained about 300 yards above the

Falls, in descending a timber chute where the logs in their rapid descent

have removed the surface debris from several localities on the west bank

of the river ;

1. Upper Freeport Coal, reported 7'

2. Concealed 200'

4. Sandstone, massive, top of XII 50' ) No. XII.

5. Concealed 175' 5 225'

6. Red shale 10'

7. Sandstone, flaggy greenish 40'

8. Sandstone, coarse, buff 3'

9. Red shale with I. 0. nodules 10'

10. Sandstone, green, flaggy, visible , 50'

11. Concealed to level of Cheat river 820'



1SS2.] 'i^'J^ [White.

77(6 Upper Frceport coal given in this section, has been opened along the

road on the land of Mr. Graham, about one mile south-west from the top

of the river bluflf at No. 3, so that the interval of 200' between the coal and
No. XII, given by tlie barometer, should very probably be increased by
50'-75', since the beds decline in that direction (S. W).
As we pass on south-eastward up Cheat river from the Falls, the rocks

still continue rising gently for about two miles, when they turn over in

the broad arch of Laurel Hill, and descend, carrying the limestones and
shales of No. XI below river level, and finally submerging No. XII
itself at Albright, in the centre of the trough, where the western bluff of

the river reveals the following section (14) of the Lower Coal measures :

1. Sandstone, somewliat massive, Mahoning ? 30'

3. Concealed 55'

3. Shale, drab 15'

4. Sandstone 2'

5. Shale and fireclay 8'

6. Shale, green, sandy 10'

7. Sandstone, gray, massive, Freeport 30'

8. Shale, drab 15'

9. " darkblue 8'

10. Coal, Middle Kittanning {Darlington) ,2'-3'

11. Concealed 5'

12. Limestone, nodular, {Johnstoion cement bed) 3'

13. Concealed 33'

14. Sandy shale 7'

15. Sandstone, greenish 13'

16. Shale, visible 5'

17. Concealed to level of Cheat river at Albright bridge

(1200' A. T. Bar), and to top of No. XII, here in

bed of river 35'

Total height of section 255

From the thickness of the measures in the above section, it would
seem that the Upper Freeport coal should be looked for immediately

under the base of No. 1, which according to this identification would be the

Lower Mahoning sandstone, but still it is possible that the Loicer coal meas-

ures are here thicker than usual on Cheat river, and in that event the

Upper Freeport coal would overshoot the top of this section.

No. 7 is undoubtedly the representative of the Freeport sandstone of

Pennsylvania, while the coal. No. 10, would seem to be the Middle Kit-

tanning, or Darlington bed of Western Pennsylvania, if Mr. Franklia

Piatt's identification of the latter with the coal overljdng the Jolmstoxcrh

cement bed be correct ; for the coal in question is here underlain by a
grayish, nodular limestone that would well represent the "cement bed."

The coal is quite good and has been gouged out of the hill to the depth
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of a few feet for more than one-half mile in the vicinity of Albright's

bridge, its rapid dip into the hill preventing systematic mining.

Just above the bridge, the Iloineicood sandstone rises from the bed of the

river and makes a bold clifl along its north-eastern bank, revealing under

it a small coal bed beneath a few feet of shales.

On above this to the south-east, the other members of No. XII. come up,

and make the steep north-west slope of Brierj^ mountain.

I shall close this paper with a single suggestion in regard to the parallel-

ism of the beds along the Cheat river that I have included under the name

Mauch Chunk sJmle.

A review of the sections will show that this interval, extending from the

base of XII down to the top of the Mountain Limestone, has a thickness of

about 300', and can be subdivided into three well marked groups : 1st, at

top, a shah interval often containing iron ore and one or more thin red

beds, thickness 30'—50' ; 2d, a series of flaggy, green sandstones, often

having a quite massive bed near the top, and sometimes containing calca-

reous bands V-2' thick, thickness 165' ; 3d, a series of red and green

shales in which usually occur one or more thin beds of impure limestone,

thickness down to the main mass of Mountain Limestone, 80'-100'.

Those who have read my summary of the Geology of Crawford and

Erie counties, Pa., in Report Q*, will recall that I there show the "Cuy-

ahoga shale," of Dr. Newberry to be a very composite series, having a struc-

ture somewhat as follows, beginning with the base of XII. and descending

to the Berea Grit (Corry sandstone) :

Shenango shales 35'-50'

Shenango sandstone 25'

Meadville Upper shales 20'

" " Limestone 1'

" Lower shales 45'-55'

Sharpsville Upper sandstone 50'

Meadville Lower limestone , . . . .
2'

Sharpsville Lower sandstone 12'

Orangeville shales 75'

Berea Grit —
Total average thickness about. 280'

The above succession, I have traced southward from Crawford county

to the mouth of the Beaver river at the Ohio, more than halfway to Cheat

river, and in oil borings at Beaver falls, Smith's ferry and other localities,

the series is still 2T0'-280' thick.

As is well known, the geologists of the 2d Geological Survey of Penn-

sylvania, who have studied the Sub-conglomerate measures in the western

counties, have all heretofore placed the dividing line between XI and X,

in the Shenango shales, and regarded the massive sandstone below them
as the beginning of the Pocono.

It will be seen at a glance that the "Mauch Chunk shale," interval on
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Cheat river has a striking slratigraphical resemblance to the •'Cu3'ahoga

series" in Western Pennsylvania, a shale interval at top and bottom with

an intervening sandstone interval—Shenango—Sharpsville Lower—of

practically the same thickness in each case. The query here suggested is,

can the " Mauch Chunk shale" interval, 300' thick on Cheat river in Mo-

nongalia and Preston counties, he identical with the " Cmjahoga shale"

series as given above fron\ the Ohio line counties in Pennsylvania ? The

answer is yet quite doubtful, but the only evidence obtained at present,

seems to point to an affirmative reph'.

Stratigraphy gives an answer decidedly in the affirmative, for the suc-

cession in each case is practically the same, and yet we must not forget

that the nearest points to which the series have been traced—mouths of

Beaver and Cheat rivers—are separated by some 00 miles, in which these

beds are buried from sight by the overlying Coal Measures. It should be

stated, however, that the lithology of the 165' sandstone series on Cheat

river is often strikingly like that of the Sharpsi-ille beds in Pennsylvania,

and also that it sometimes contains, near its top, a massive brown sand-

stone that would correlate well with the Shenarujo SS. .

But what say the fossils to this supposed parallelism ?

On Cheat the "Mauch Chunk beds" are not fossiliferous, so that we can-

not compare them directly in this respect.

The "Cuyahoga" beds are often quite fossiliferous, however, and the

evidence that they furnish is curious, as showing an apparent contradic-

tion in the answer to our query given by two classes of organisms

—

Mol-

lusks and Fishes.

The Jleadville limestones in the "Cuyahoga" beds are, in Crawford coun-

ij, filled with remains of fishes, scales, bones, teeth, dermal structures, &c.,

and in the Spring of 1880 I sent some of these fossils to Prof. Worthen,

the eminent Palicthyologist of Illinois, for his opinion as to their geologi-

cal horizon. He replied that they seemed to him to belong unquestionably

with the fisJi beds of the Chester limestone at the west, and I should add

that this remark of Prof. "Worthen first suggested to me the possibility of

an identity between the "Mauch Chunk shales" of Cheat river, and the

"Cuyahoga" series.

The Molluscan remains found in the " Cuyahoga " series, however, seem

to ally them more closely with the Waverly sandstones (Pocono), which

underlie the shales and limestones of No. XI, and in my Report on Craw-

ford and Erie preference was given to their side of the story. It now
seems possible, as suggested above, that the testimony of the Fishes may
yet have to be received in preference to that of their more lowly cousins,

the mollusks, and the " Cuyahoga shales" of Newberry, relegated to the

horizon of No. XI, where they were long ago placed by Prof. Lesley on

general stratigraphical grounds (see his scheme of Ohio and Pennsj'lva-

nia formations correlated in Report I, 2nd Geo'l Sur. Pa.).

The apparent contradiction in the evidence given by the two classes of
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organisms may be satisfactorily explained, when it is remembered that the

open sea in w,luch the great Mountain Limestone of Cheat river—the

Chester, St. Louis, and other beds of the West—accumulated, shoaled away
to a beach line of muddy shallows in Eastern Ohio and "Western Pennsyl-

vania, similar in ever^'^ respect to the Waverly and Pocono beaches that had

preceded them, and consequently we should expect to find the life forms

that Ind inhabited the latter, continuing on with but slight changes up

into the edges of the Mauch Chunk series, where, overlapping the Moun-

tain Limestone, it practically continued the Pocono beaches on to the close

of the Subcarboniferous epoch.

Stated Meeting^ November 3, 1882.

Present, 12 members.

Vice-President. Dr. Le Conte, in the Chair.

Letters accepting membership Avere received from C. Eau,

dated Smithsonian Institution, Washington, Oct. 25, and from

Garrick ^[allery, Bureau of Ethnology, Smithsonian Institu-

tion, Oct. 28.

Letters of acknowledgment were received from Thomas C.

Porter, Easton (111); and the Smithsonian In.stitation, Wash-
ington (110,111).

A circular letter was received from the Department of the

Interior, dated Oct. 2G.

Donations for the Librar}" were received from the Zoologi-

scher Anzeiger, Leipsig ; Academy at Brussels ; Geographical

Society, Paris; London Nature; Canadian Naturalist, Mon-
treal; American Academy of Arts and Sciences; American

Journal, New Haven ; N. Y. Meteorological Observatory at

Central Park ; Franklin Institute, Philada. ; Hon. Thomas H.
Dudley, Camden; Signal Service Bureau and U. S. Engineer

Department, Wrt-hin.2"ton ; and tlic Chapultepec Observatory,

Mexico.

An obituary notice ot Ralph Waldo Emerson was read by
Pev, C. G. Ames.
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The death of C. G. N, David, Ph.D., Avas anuounced from

the Royal Danish Academj, Copenhagen. [No date or age

given.]

The death of lh\ B. Y. Marsh, at Burlington, on Oct. 30,

aged 62, was announced.

The Committee on Com. McCauley's Memoir, reported

progress.

The Committee on Dr. Wood's Memoir, reported progress.

Mr. Lesley exhibited some of the recent publications of the

Second Geological .Survev of Pennsylvania, and showed how
near completion it now is.

The Minute, written by the President, at the request of the

Society, at its last meeting, was read.

In accordance with, the resolution adopted at the last meet-

ing, the President presented the following for" entry on the

Minutes :

—

The two hundredth anniversaiy of the founding of Pennsylvania was
celebrated during the weelc ending October 28th, 1882.

The exercises and exhibitions were of a character to recall the scenes of

the arrival of the Founder, his dealings with the aboriginal inhabitants,

his offers to first settlers, and the enactment of his great laws for securing

liberty of conscience, equality of civil rights, and tlie regular and impar-

tial administration of justice.

To these were added civic displays sliowing the ancient and present

forms of civilization that had existed and now mark tlie condition of our

noble Commonwealth, and illustrate its present state of population,

wealth, diversity of employments, manufactures, general resources, and

the numerous forms in which society is divided for the promotion of

benevolence, temperance, charity, and social enjoyment.

The closing displays were of the military organizations in which the

defenders of the Union in the late civil war participated in large numbers

and by the union of those representatives of the past witli the representa-

tives of the present in organizations for the defence of the countrj', for the

protection of the people and for the general welfare of the republic, was
seen the admirable working of our American systems of military ])rovi-

sions.

The celebration was a great jubilee participated in by immense num-
bers of the citizens of Pennsj'lvania and cordial sympatizing visitors from

other States, and it will distinctly and vividly mark a great epoch in our

history.

From the handful of settlers that landed with Pcnn, tlie population of
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the State has swelled to four luillions ami one-half of people, and that of

the City of Pliiladelphia to one million.

Of all the history of State and City we may be justly proud, for the

foundations on which it was built have been preserved and strengthened.

Of this vast growth our Society 1ms been the living witness, for it was

founded only sixty years after the landing of William Penn; and it is fit-

ting that in addition to the full accounts that Avill be given by chroniclers

of this great event and which will form part of our library-, this brief no-

tice of it should constitute part of our Minutes.

Pending nomination No. 969 and new nominations No.s. 970

to 976 were read.

And the meeting was adjourned.

Ohituary Notice of Ralph Waldo Emerson. By Charles G. Ames.

. (Read hefore the American Philosophical Society, Nov. 3, 1SS2.)

Ralph "Waldo Emerson, whose name has honored the records of this So-

ciety since 1868, was born in Boston, May 2.'5, 1803, and died in Concord,

Mass., April 28, 1882. Of mixed Puritan and Huguenot ancestry, hebrought

into the 10th century the essences rather than the forms of Calvinistic creed

and culture : and grew up as the handsome flower of a sturdy stock. His

being was like a retort into which many generations of thoughtful piety had

been distilled ; for never was a clearer case of hereditary marking than in

his tendencj'^ to the independent pursuit of high and sober studies. He
had the physical make-up of a student, Avith just enough of healthy

muscular development to furnish sheathing for a nervous structure of ex-

traordinary fineness and vigor.

Of how many New England lads, in the early part of this century, may
the same story be told : Graduating from Harvard at 18, then teaching

for a while, then settling to the study of divinity. Already familiar with

Plato and Montaigne, whose mixed coloring matter had passed into his

blood, the lad was yet fond of Augustine, Pascal, and .Jeremy Taylor.

He had also come in contact with the free devoutness and benevolence of

Dr. Channing, and had yielded to the spell of Wordsworth and Coleridge.

A little later he was to feel the powerful influence of Carlyle and Goethe.

In 1826 he began to preach ; in 1829 he was ordained and installed min-

ister of a Unitarian Church in Boston. His sermons struck the dominant

note of all his later thinking and writing, their evident purpose being to

induce in each hearer the assurance of "life in himself." It was this in-

tensity of faith in the intimate relations of each human spirit to the Di-
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vine, along with a clear perception of religious symbolism in all facts, that

made traditional outward observances at first a matter of indifference, and

then of oppressive unreality. In three years and a half, his pastoral rela-

tions were amicably dissolved, because he had reached conclusions es-

sentially like those of the Society of Friends concerning the valueless-

ness of the ordinances.

The strain of those experiences was severe ; but the liberty which now
came to him was utilized to the advantage of mind and body by a voyage

to Europe, which brought him to personal acquaintance with the eminent

men whose genius had already lighted his way. On his return he estab-

lished himself for life in tlie quiet rural village of Concord, and entered

on a ministry for which no pulpit then seemed large or free enough

—

a ministry which, running through forty-eight years, to his death, gi'ad-

ually found through press and lecture platform its own fit audience ;

small at first, but, as the event has proved, sufficient to put him in vital

connection with the mind of the world.

Carlyle, whose wine had not yet turned to vinegar, was then putting

forth liis testimony in England, with a limited hearing. He, as well as

the American public, was indebted to Emerson for the reproduction of

"Sartor Resartus " and a volume of "Critical and Miscellaneous Es-

eays" on this side the water. Coleridge and Carlyle had inoculated the

English mind with the nobler German literature ; Emerson was one of

those through whom it passed to America ; and to many an ingenuous

youth it was like the discovery of new worlds.

But no imported mental fertilizer has proved more eff'ective tlian the

native product. Emerson himself has probably influenced our ways of

thought and feeling and expression quite as much as any man of the cen-

tury ; and all this without the arts or qi;alities of popularity, and even in

spite of multitudinous protests. The semi-mystic quality of his thought

predisposed him to sympathize with the subtle spirituality of Plato and

the great Germans ; and the New England mind, weary of the old me-

chanical theories of creation and revelation, was ripe for revolution.

Transcendentalism, which is a wholesale believing, came in good time to

save us from wholesale denials. Mr. Geo. W. Cooke describes this move-

ment as "an attempt of the human mind to recover a natural and assured

faith in moral things." This faith finds due warrant in our direct original

perception of spiritual realities, by a power which transcends the senses

—

a power which is proper to all men, and which is our share in that univer-

sal and absolute Reason out of which flows the whole order of the uni-

verse.

The practical applications of such a philosophy are endless. Creation

being an expression of the Infinite Intelligence, poetry finds its divine

justification and rises into a hymn. Nature appears as a mirror of mind,

and all her laws and secrets correspond to our clearest inward discoveries,

so that science becomes a parable. And as reason is one thing in all men,

PROC. AMEK. PHILOS. SOC. XX. 112. -jlv. PRINTED DECEMBER 28, 1882.



Ames.] ^00 [Nov. 3.

all men become ministers to each other's coinjileteness. What Kmerson has

to say of PersQual Conduct and Social Aims comes to this: That, as it takes

all sorts of juen to make a world, each one of us can best contribute to the

perfect result by giving full scope to all that properly belongs to himself.

Be a brick and there will be a place for you in the wall. Every man, like

every grain of sand, is a theatre for the play of all the powers and laws

of the Kosmos. To distrust yourself is atheism ; to despise your

neighbor is blasphemy; to help yourself to all the benefits the universe

offers—through nature, books, society, solitude, industry and repose—is

only to come into your inheritance, and is therefore the true method of

culture. Disorder, misery, chaos, perdition—they all come from inward

defect and non-fidelity.

All this, and the system of thought to which it belongs, may seem tame

and trite enough now, but it sounded strange and heretical a half century

ago. It Avas indeed a republication of the best thought of earlier ages;

but it was foreign to the common literature and the current religion.

In 1837, Emerson gave his address on "Tlie American Scholar," before

the Phi Beta Kappa Society of Harvard. Mr. Alcott tells us that it was

heard with delight by some, but with confusion and consternation by

others ; or, as James Russell Lowell says, with "enthusiasm of ajiproval

and grim silence of foregone dissent." Yet it does not now strike us as

dangerous doctrine to teach that America ought not to depend on imported

ideas but should produce her own scholars, and that these should seek

truth and reality from original sources. We are no longer scared if a

bold thinker declares that truth should spring out of the earth whereon

we tread, and that righteousness should look down from the heavens

that bend over our heads, as well as from the soil and skies of ancient

Palestine. Nor is it any longer an unsavory and outre discourse which

teaches that character is the end and aim of all truth and all discipline.

It is almost startling to consider how lightly and cheaply, and as matters

of course, we hold certain grand truths which make our common cLay-

light, but which to former times were like unrisen stars. A knowledge

of the inward world has grown with a knowledge of the outward world.

"Few mortal feettliese loftier heights had gained
Whence the wide realms of Nature we descry;

In vain their eyes our longing fathers strained,

To scan witli wondering giizo the summits high
That far beneath their children's footpaths lie."

It is not important to determine Emerson's relation to metaphysical sys-

tems. He was neither ignorant of them nor fond of them, being very shy

of finalities. But in his attempt at simple and large statement, he seems

to have incorporated the best results of other men's thinking.

There are passages in Mr. Emerson's writings which strongly arraign

what he once called " this mountainous folly of Church and State ;
" but

this is only his fine srorn of sli;nn and make-believe. He is never vio-
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lent against institutions ; lie honors their real merits and services ; but he

trusts wholly to vital energies for improvements and reconstructions.

The total effect of his work has been to disclose our undeveloped re-

Bources, to make us aware that we are born to an inheritance of infinite

richness, and that no man need hesitate to avail himself of all the advan-

tages which tlie universe offers. At the same time, his Avritings operate as

a continual rebuke of self-consciousness, cowardice, cupidity, weak indul-

gence and pretence. To read Emerson sympathetically is to be enlarged,

liberated, shamed out of mean, self-regard, and lifted into universal fel-

lowships.

Not the least notable trait is a certain comprehensiveness, nurtured by
his philosophy. His writings abound in allusions which show his mental

omnivorousness, his quick sympathy with the thought of all ages and

times, his hospitality to "many men of many minds," his ability to grasp

and reconcile contrarieties, and the ease with which he found a place for

all sorts of facts. Revelling in the abstruse, and living much on the

mountain-top where he could catch and report downward to mortals the

wandering whispers of the upper air, he yet joined with Bacon in honor-

ing " the studies that are for delight, for ornament, and for ability," and

held in high appreciation the men of affairs and the masters of action.

A tone of playfulness testifies to the health of his spirit. There is no

trace of moodiness or indigestion in his writings, no sour eructations, no

narcotized imaginings, no sore-headedness nor skin -blotches, nor any sign

of the itch for praise. He makes it easier to believe in miracles of heal-

ing : virtue goes out of him for the driving away of sad and surly hu-

mors and the rectifying of small insanities.

The material of his poetiy is too much like that of his prose to address

a different class of minds. The ideas of his essays set themselves to music

and mount on wings. Nature supplies imagery and vehicle ; for in na-

ture, as in God, he lived and moved and had his being. There is a subtle,

never-dying charm in this clear-obscure where earth and heaven meet.

The verse, whose theme flames up toward the infinite, yet smells of the

soil and the breath of kine ; it smacks of tree-sap and sea-salt ; the

country-bi-ook glides into the lines ; one hears the wind-harp and the

bird-song ; the "dedicated blocks " of granite build the mountain into an

altar from whose top the cloud-rack flows like incense. And nothing goes

on in leaf or shell, in cliemic eddies or solemn march of constellations, in

the little life of the insect or the grand sweeps of historj^ but lo ! these

are parts of the ways of the all-perfect Over-Soul—the mj'^stery ever dis-

closed yet ever hidden.

Many random readers receive the impression that there is nothing like

unity or method in Emerson's mind ; that his works are but a heap of

brilliant, unrelated fragments. True, he lacks literary unity, and is care-

less of logical construction ; and he despises the charge of inconsistency

as "the bugbear of little minds." But once grasp his larger meanings,
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or look from his central point of view, and liis thought appears as whole

as the globe pr the solar system. It would not be easj- to find a leading

author whose mental products are more coherent or who is so free froxn

self-contradictions. He is indeed at no more pains to protect himself from

the imputadon of contradiction than is a photographer who shifts his cam-

era to secure a dozen views of the same landscape. If the pictures tell

difierent stories, that is no atlair of his : let nature look to it

!

Emerson is said to have pleased himself with the "hope of a world

in which we shall see things but once, and then pass on to something

new." I construe this extravaganza, not as the sign of a mad love of

novelty, but as a rebuke to mental inhospitality, as the expression of his

strong fiiith that all facts and truths must agree, and that the universe

can supply inexhaustible variety without danger of falling Imck into

chaos.

With all his high soarings, he was at home on the ground, and aston-

ished his friends by liis practicalness and aptness for business. His occa-

sional deliverances on public affairs were clear and weighty. One who
sat w ith him on the Board of Overseers of Harvard Univei'sitj^ says that

his judgment was as much "waited for" as that of any other member.

Another testifies that his discretion in regard to investments in stocks,

etc., was quite equal to his ability as a writer and thinker.

It would indeed be possible to gather out of his ten volumes an excel-

lent body of maxims for every day use, shi-ewd, pithy, and full of mother-

wit. But his claim to our grateful respect rests on far higher grounds.

He was not merely virtuous ; he was virtue itself; and he taught to all

men its open secret. And he has illustrated in life-size, the close-blending

of high intelligence with high excellence. In his writings and in himself,

the ethical quality is inseparable from thought. He never puts it on, he

never puts it oft'—a sore puzzle to those who judge of po-ssession by pro-

fession, or who think of the Holy Gliost as an occasional visitor, and not as

a permanent resident in the human temple.

One who knew him long ago and later, says he gave the impression of a

humble listener and learner. This tells the whole story of his greatness.

For such an attitude implies neither empty narrowness nor idle passivity.

To be, as he was, in sympathetic relations with the thoughts of mankind

in all ages, and yet to lie open, as he did, to tlie teachings of primal

reality—passionless, unprepossessed and unprejudiced—requires not only

fine susceptibility, but a mind of great breadth and power. But his activ-

ity is easy and unconscious to himself; his faculties play like the strings

of an seolian harp, because they are played on by invisible power. One
result appears in the impersonal quality of this work. He never attacks

and never defends. He searches defects and exposes error as the light

does. He criticises, not by analysis, but by insight ; like his own huui-

ble-hee, he simply leaves the chaff and takes the wlieat. This mental pro-

cess implies great labor-saving. Wiial need to handle over and over the
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crude mass of fixcts nnd })hen()inena, wlien one C",in directly seize tlieir es-

sence and meaning, as the evening wind seizes the fragrance of a whole

meadow full of flowers, without disturbing root, stalk or petal?

I believe the first api)earance of Mr. Emerson's name in the Proceed-

ings of this Society, since his election to membership, is in the announce-

ment of his death. But he was one of the few Americans who have de-

servedly gained the name of a philosopher, in both its original and its ac-

quired sense. A lover of wisdom, he also searches with keen insight be-

hind phenomena into the mj'stery of causation and the unity of law; and

he converts all knowledge into value by showing its uses in the pro-

duction and perfecting of the ideal life. "To live with the gods" and

"to keep the divinity within us free from harm," was the lofty aspiration

of ancient wisdom ; and "the science of living " has not yet advanced

beyond these maxims of the Stoics, which seem identical in purpose with

the Hebrew and Christian ideal of a pure heart and a life fashioned in the

image of the Highest. Though our great good friend has not wrought as

an organizer of knowledge, he has accomplished the larger work of pro-

foundly stimulating the human mind and turning it to noble pursuits; and

he has illuminated the whole field of research. Structure in his view was
always inferior to function, and function to purpose or spirit. As an in-

terviewer of nature and of the soul, his office w as to report—to interpret the

universe to man, and man to himself. In all this there are no finalities
;

since, as J. S. Mill remarks, "On all great subjects there is always some-

thing more to be said." But many a coming seer will find a fountain of

light for cleansing his eyes from earth-dust in the rays that stream from

the mind of Ralph Waldo Emerson.

Stated Meetiri'j, Nov. 17, 1882.

Pre.sent, 9 members.

Vice-President, Mr. Peice, in the Chair.

Letters of acknowledgment Avere received from the Royal

Society, Upsal (xv., 3; 104-108); Swiss Society of Natural

Science (107, 108); Society of Ph3"sics and Natural History,

Geneva (xv., 3; 106-108; List of Members); Royal Society of

London (xv., 3; 107-109); and Cincinnati Observatory (65-

80, 88, 92, 107, 110).

Letters of Envoy were deceived from the Royal Academy
of Stockholm ; Royal Society of Upsal, dated June 15, 1882

;
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Hungarian xVcademv, Buda Pest
;
Imperial Academy, Vienna,

July 16, 1882; Eoyal Prussian Academy, Berlin, June, 1882;

Society of Natural Science, Marburg, April, 1882 ; Swiss

Natural Science Society ; Royal National Library in Florence,

March 24, 1880; Holland Society, Harlem, June 3, 1882;

Fondation Teyler, Harlem ; Meteorological Office, London,

October, 1882 ;
and Royal Observatory, Greenwich, November,

1882.

Donations for the Library were received from the Academies

at Stockholm, Buda Pest, Vienna, Berlin, Modena and Dub-

lin; the Observatories at St. Petersburg, Stockholm and

Greenwich; Royal Society, Upsal; Societe Hollandaise, and

the Musee Teyler, Harlem ;
Royal Geographical Society, Roval

Geological Committee and Anthropological Society, Vienna

;

German Geological Society, Berlin; Prof. G. D. E. Weyer,

Kiel; the Societies at Bremen, Marburg, Leipsig, Goriitz,

Freiburg i B., Lansanne and Geneva ; Swiss Natural Science

Society; Royal Venetian Institute; Roj-al National Library,

Florence ; M. Georges Edon, Paris; Royal Society, and Meteor-

ological, Geographical, Geological, Linnean, Zoological, and

Royal Asiatic Societies, London; Meteorological Committee,

and Nature, London ; American Academy of Arts and Sci-

ences; Boston Natural History Society ; American Journal of

Pharmacy; Dr. D. G. Brinton, and Dr. E. W. Syle, Philadel-

phia; American Journal of Mathematics, Baltimore; and,the

National Museum of Mexico.

A letter was received from the Colonial Museum of New
Zealand stating that they had received nothing from this

Society since 1871.

The death of C. Arfwedson, of Sweden, was announced.

The Committee to whom was referred the Egyptian Vocab-

ulary of Commodore McCauley reported in favor of its pub-

lication in the Transactions. The subject was referred to the

Publication Committee.

The Committee to whom was referred the " Researches on

Diphtheria " by Drs. Wood and Formad, reported in favor of
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its publication in the Transactions. The subject was referred

to the Publication Committee.

The minutes of the last meeting of the^Board of Officers and

Council were read.

Pending nominations Nos. 969 to 976] were read and the

meeting was adjourned.

Stated Meeting^ Dec. i, 1882.

Present, 11 members.

President, Mr. Fraley, in the Chair.

A. letter accepting membership was received fi'om Prof. Her-

mann Kopp, dated Heidelberg, Nov. 7, 1882.

A letter of envoy was received from the Museum of Com-
parative Zoology, Cambridge, Mass.

A letter of acknowledgment (XIV, 2 ; 62, 97), and envoy

was received from the Societe de Geographic, dated 181 Boule-

vard, St. Germain, Paris, Nov. 13, 1882.

A letter requesting exchange of publications was received

from the U. S. Naval Institute, Annapolis, Md., Nov. 21,

1882. On motion, it was resolved that the U. S. N. Institute

be placed on the list of corresponding societies to receive the

Proceedings.

Donations for the Library were received from the Depart-

ment of Mining, Melbourne ; Royal Museum of Natural His-

tory, Bruxelles ; Revista Euskara ; London Nature ; Canadian

Naturalist ; Museum of Comparative Zoology ; Meteorological

Observatory of New York ; Franklin Institute ; Prof. E. D.

Cope; American Chemical Journal; U. S. Naval Institute;

U. S. National Museum and the Light House Board, Wash-
ington.

The death of Prof. Henry Draper at New York, November
20, aged 45, was announced. On motion, Professor Barker
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was requested to prepare a minute of Professor Draper's death

for the Proceedings of the Society.

Mr. Lcslej made some remarks on the Eg^^ptian character

of certain Hebrew names :

Mr. Lesley first described the history of the usei', or Jackal-headed staff,

representing victory, from it first appearance in the 4th to its habitual use

in the l'2th and 19th dynasties, in royal names ; especially remarking ou

the form User-n-ra of the 5th dynasty. This name corresponds to the He-

brew name Israel, spelled israi., wliich an EgyiHian would express by the

hieroglyphic usu-ra. The origin of the personal name is given in the

well known Scripture legend of Jacob wrestling with and prevailing over

a mysterious visitor, in the night preceding his momentous interview

with his brother Esau. This name, Esau (ij^j;, osu), Mr. Lesley identified

with the Edomite Shasu, who successfully invaded Egypt at the beginning

of the 19th dynasty, but were the principal foreign enemies of Egypt on the

east for some centuries earlier.

The Publication Committee reported that they had resolved

that Commodore McCaulay's Egyptian Vocabulary be placed

in the hands of the lithographer, to be printed as soon as prac-

ticable.

The annual report of the Treasurer was read.

Mr. Phillips, for the Special Committee appointed to ex-

amine the documents belonging to the Society, reported the

following results of the investigations of that Committee :

1st. An Ordinance of Gov. John Evans creating Court of Equity, and

giving certain powers to Courts of Common Pleas to hold special Courts

to aid persons about to leave Commonwealth, of date Feb. 22, 1706.

Ifo. 2. Letter of Attorney by William Penn, appointing Thos. Loyd^his

attorney, and memorandum in Penn's handwriting on

back, dated June 6, 1G84.

No. S. Assignment of Mortgage, by Thomas and Richard Penn, dated

Oct. 2, 1765.

No. 4.. Charter of Chester signed by William Penn, dated Oct. 31, 1701.

No. 5. Charter of Privileges by Wm. Penn to Penna. 31st, 8 mo. 1701.

It is recominended by your Committee that the above valuable original

papers be placed in the vaults of the Fidelity Insurance Company, with

other property there, to be endorsed "Original Penn Papers."

No. 6. Printed report of order of business as settled by order of 1841.

It is recommended that all except two copies be destroyed,

the others preserved by tlie Librarian.

No. 7. Geological treatise in German with plates. It is recommended

that they be bound and placed in Library.
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JVt). S. Distribution Boole of Proceedings of American Pliilosophical So-

ciety. Recomnieniled to be placed in Library.

jVo. 0. Conununication from ^Ir. Uuponceau witli regard to History of

the Society of 1841. Recommended tliat tliey be bound and

placed in LibrarJ^

No. 10. Map of New Sweden. To be mounted.

No. 11. Plan for univnown of buildings. To be placed in Library.

No. 12. Duponceau manuscripts on international law. To be bound

and placed in LibrarJ^

No. 13. Deed by John Fitch, Feb. 9, 1787, and others creating Steam-

boat Company. To be placed in vaults.

No. 14. 1769 Commission of Thomas Penn. Richard Penn to Edward
Physick, appointing him Keeper of Great Seal. To be

placed in vaults.

No. 15. Manuscripts relating to the Centennial of Society in 1841, also

certain communications, etc. If these have not been printed

to be bound.

No. IG. Subscription l)ook to relieve the Societj' from Indebtedness of

date of Jan., 1846. It is recommended to be placed in

archives of Society.

No. 17. a. Two bank books of 1831 and 1849.

b. Lists of 1826, 1831, 1842 and 1846.

c. Four minutes of committees to be consolidated.

(J. Stub of clieck book.

e. An account of Treasurer, old receipts of books from Library.

/. Lot of old account books.

It is recommended that the above be boxed up and placed in

the Library.

No. IS. Package of letters of Peter Collinson to various persons.

These, if possible, to ba repaired and bound, and for the pres-

ent to be in the Safe Deposit.

No. 10. Copy of Definite treaty between Great Britain and United

States, A. D. 1783. To be bound.

yo. 20. Cupy of proclamation giving prices for scalps. To be mounted.

No. 21. Letters to and from Benj imin Franklin. To be bound and in-

dexed.

No. 22. Lot of old Diplomas not delivered. To be sent to lineal de-

scendants if found.

No. 23. Lot of receipts taken by Franklin in France for advances. To
be bound.

No. 24. Invitation to Dr. Franklin to alteud a Masonic Lodge des Neuf
Soeurs supper, signed by De Gebelin. To be bound.

TROC. AMEU. THILOS. SOC. X.\'. 112. 3l. PRINTED J.\NU.\RV 22, 1883
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No. 25. I'rinled iiivitiitioiis aiul notices lo Henjaniin Franklin when in

France. To lie bountl.

NiK ~G. Coi-responilence of Benj. Franklin. To be bound.

X». 27. Various old shop cards to be niountcd in scrap book.

No. 2S. Sundry printed papers relating to Revolution. To be bound.

No. 2D. Letter of Benj. Franklin with regard to non-importation agree-

ment of 1770 to Humphrey Marshall. To be placed with

Franklin paper.*.

No. 30. Letters with regard to pictures of Franklin.

No. 31. Old Catalogue of Donations. To be preserved.

No. 32. Certificates of membership in Sons of St. George of .John

Vaughn. To be given to relatives.

No. 33. Certain Bank notes of .John Law's Bank to be placed in a scrap

book.

No. 34. Certain memorandums of Ileckwelder with regard to Indians.

To be preserved.

JV"*. 35. Accounts of prices with regard to building of Hall of Society.

To be bound if possible.

No. 36. Accounts with regard to Society. To be bound.

No. 37. Letters and Accounts with regard to Society. To be bound.

No. 3S. Communications from liymes with regard to the hollowness of

the earth. To be bound.

No. 39. A variety of old vouchers, manuscript catalogue and Treas-

urer's Accounts. To be boxed up.

On motion, the recommendation.^ of the Committee were

adopted, and tlie Committee empowered to carry their recom-

Inendation.s into effect.

After an informal interchange of views respecting the prac-

ticability of proceeding with the printing of the last part of the

Catalogue, and of commencing tlie printing of the early records

of the Society, the meeting was adjourned.
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Stated Meethi'j, D'x-ember 15, 1882.

Present, members.

Pr. Bkixtox in the Chair.

Letters accepting membership were received from G.

Tscliermak, Director of the Mineralogical Institute, dated

XI Maximilian platz 15, Vienna; and from F. Reinhard

Blnm, dated Heidelberg, Nov. 20. 1882.

Donations for the Library were received from the Trustees

of the Indian Museum at Calcutta ; the Royal Academies at

Munich and Brussels ; the Zoologischer Anzeiger ; the Bata-

vian Society ; the Royal Library at the Hague
;
the Ro^'al

Museum at Brussels ,' Dr. L. G. DeKoninck, of Liege ; the

Geographical Societies at Paris and Bordeaux ; the Revue

Politique; the Royal Astronomical Society, Lords Commis-

sioners of the Admiralty, and Nature, London ; Harvard Col-

lege Observatory ; American Journal of Science ; Mr. Henry

Whitall, Philadelphia ; the U. S. Signal Service Bureau, and

Fish Commission, and a copy of Lieut.-Com. Gorringe's illus-

trated book on the Obelisk, from Dr. Persifor Frazer, Phila-

delphia.

Dr. Frazer read a communication on '' The horizon of the

South Valley Hill Rocks in Pennsylvania."

Prof. Cope communicated a paper " On the Brains of the

Eocene Mammalia : Theocodus and Pteryptichus,''^ with two oc-

tavo plates.

Pending nominations 9<>9 to 97'i, and new nominations 977

to 980, were read.

And the meeting was adjourned.
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The Horizoi of the Smitli Valleii llill RucLs in Pinnsyhiiuia. liij Dr.

Pirsif")- Fi'dzer.

{Read before (he Amerkan P/ulositjihical Soriety, December I'j, ISSS.)

The regions of llie State in which tiie above rocks occur having been in-

dependently studied by ditTerent observers, their labors have been brought

to contact, and it is found that a difference of theory almost as old as

geological investigation in this country, exists in the respective views

of the workers.

The substance of one of these theories has just been issued in the Re-

port Cg, of the Second Geological Survey Reports, of which the subject

is, "Philadelphia County and the southern parts of Montgomer}' and

Bucks, by Mr. Charles E. Hall." •-•

The first argument advanced to prove the formation of the schists of the

South Valley Hill subsequently to the Chester limestone is, that all the

dips of the latter are southward or under the former. That this is so in

llie majority of cases (though with dips differing both in direction and

intensity), is undoubtedl}' true, but there are exceptions to this rule in

Sadsbury, Cain, East Cain, West Whiteland, East Whiteland and Tred-

dyfrin ; in other words, in six out of the seven townships in which this

contact occurs in Chester county. [See table on page 108 of 3Iemoir on

the Geology of S. E. Pennsylvania, by writer.]

These exceptions to the general rule are just of such a character as one

would expect if a fault had traversed a region of high but generally re-

versed dips. \

*l;i the introduction to this voluim;, I'rof. Loslej- iiu-iUiou? the Serpentine of

Brvn Mawr a.s turning south towards the town of Chester, and not continuing
in its south-west course through Dehiware and Cliester counties. The evidence
of this did not appear from a somewliat lapid searcli througli Mr. Hall's vol-

ume. On page AS he gives tlie course of the Serpentine as far west as to a point
a little south of 15ryn 3Iawr, and on pp. 25 and 2(5 lie speaks of the outcrops as
belonging to one deposit, and clearly indicates his belief that thej- are of syif-

clinal structure though apparently scattered.

It is difficult to believe tliat the Serpentine at Bryn Mawr is not connected
witli that north of Radnor, &c., and does not belong to the belt which traver-
sing Chester county with a breadth between the extreme lines of isolated out-
crops of from five to eight miles, becomes verj' largely developed in West Xot-
tingham and the neigliboring townships of Chester and Lancaster.

t It is of course a slip of the pen when Prof. Lesley says that the presence ot

Hudson River plant-forms is shown in Prot. Frazer's Report Co. Cjis devoted
to Adams and part of Franklin counties, &c. Xor is any such statement in C3.

There was in the collection of specimens at the Lincoln University a fossil

said to have been found In one of the Peach Bottom slate quarries which was
determined to be ButhotrephisJlexuosa. All etforts, however, to tind this fossil

in place were unsuccessful. Besides this, even if the Peach Bottom slates were
determined to be ot Hudson River age, it would be very far from proving that
the great mass of the South Valley Hill schists was of this age. Pains were
taken in the description of the Susquehanna Section, pp. 140-Ul. to show that
the structure below Fishing creek, ami especially near Peter's creek, was not b v



1882.] 5il [Kra/.er.

Tlie writer takes issue with Mr. Hall, as will appear further on iu his

statement, as to the ahsence of large masses of schist in contact with the

Potsdam and with the Laxtrentian north of the Chester valley.*

Mr. Hall's argument is virtually as follows :

(1.) " The PhiladelpJiid , Manayank and Chestnut Hill beds or (he South

Valley Hill, which is equivalent to pari of them, cannot be lof^r fJmti the

Laurentian {Third Belt of Rogers)."

Tliis will be universall}' conceded.

(2.) "7< is clear that the Potsdam sandstone icas deposited on this Third

Belt."

This is not clear except, perhaps over a limited area. It is not true of

the Potsdam in Lancaster, nor is it true of the Potsdam in Southern Ches-

ter, nor in parts of Xorthorn Chester, For instance, the evidence that

the Potsdam, between Doe Run and Toughkenamon, underlies the lime-

stone and overlies the chlorite schists of that region is very strong. If

the limestone interposed between the quartzite and the schists, then a

border of limestone should show on the east and west ends along the

irregular boundary of the Potsdam area, but it does not.

A series of small detached exposures of limestone stretch east by north

from the Doe Run limestone and like the latter show no trace of Potsdam on

their northern edges. These as well as the Doe Run limestone, are held to

be older than the Potsdam, because the dip is S. or S. E. continuously

from the South Valley Hill southwards, decreasing in intensity in that

direction, so that if not monoclinal the structure must be considered

anticlinal, and cannot be synclinal. The meaning of this is that the Doc
Run limestone is younger than the crest of the Valley Hill, and that its

southern edge is younger than its northern edge (since the preponderance

any means as clear as in the region north-west. It woulil be perfectly easy, as

there pointed out, to place the Peach Bottom slates above the quartzite without
deranging the structure of the upper region, as tlierein suggested. The objec-

tion to placing tlie series above the limestone, i.e., that no limestone appeared
between the gentle axis of Tocquan creek and the slates, of course would not
be an objection to those who credit the Tocijuan schists themtsclves with being
above the limestone.

Two explanations of Hudson Uiver slates at Peach Bottom are possible with-

out changing the horizons of the measures to the X. W. One is the omission
here altogether of the limestone iu the series. The other (held by Pi'of. Barrois,

who visited the region), a fault line north ot the slate belt.

It is only fair to admit, however, that the Hudson River age of these quari-ies

is not proven.

*The discovery of Mr. Lew i.-; us to the two kintls oi r^cnitchcs. unuli- by the ice

and the creep, must be regarded as an important application of the reasoning of
the Scotch geologists to 'our own country. In some cases Mr. Peach and Mr.
Home have been able to distinctly ascribe three distinct lines of nuirkings to
movements of very diflerent age.

The colors ou the geological maps are somewhat confusing. The dark red.

which in the scale is called the intermediate Manayunk belt, seems to be ap-

plietl on the maji to the northerly Chestnut Hill gi'ouii, and vice versa.
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of southerly dips continues across tlic belt). On its suutlierii edge rests

the Potsdam in W. Marlboro' township, still with a south dip {i.e., S. 10^

E.-45'; S. 53 E.-70O; S. 20^ W.-40O
;
E.20O S.-40O, etc., &c.), that rap-

idly becomes gently undulating and almost horizontal : and this structure

continues to the Delaware line.

The a.ves of tlie Chikis anticlinal folds can be seen to be mica schist of

similar charafter to that of the South Valley Hill.

The rock underlying the possible Potsdam quartzites in the lower Sus-

quehanna, are dearlj' of the same chai'acter and series.

The Potsdam in York county is seen to overlie the same schists near

Wrightsville and York, near the former ot which, as if to settle all doubt,

two or three folds bring to the surface within a short distance all the meas-

ures above and below it. The Potsdam of Franklin county wiiicli lies upon

the South mountain covers these same schists, and the very numerous

varieties of clays and associated iron ores which are due to their decompo-

sition.

The North Valley Hill quartzite in Sadsbury, Valley, East and "West

Brandywino, Upper and Lower Uwchl..n, and other townships, is pre-

ceded and succeeded bj- gneissoid and chloritic mica schists, as seen

at Atglen, Pomeroy, * Stottsville, Sadsburyville, north of Downing-

town, on the Brandywine, north and south of Lionvillc, and at other

places.

In this connection, the following, taken from the notes which were made
by Mr. Hall and the writer, when, in September, 187G, they visited to-

gether Harper's Ferry, and made a section of the Potomac river in its

vicinity, may not be without interest. It is necessary to premise that Mr.

Hall holds the opinion, which is the natural deduction from his views of

the horizon of the South Valley Hill schists, that the rock which the

writer has designated "Mountain Creek Rock" from its occurrence in the

part of the South mountain which is contiguous to this stream, is a repre-

sentative of the Potsdam.

The exposure at the head of the bridge on the ^Maryland side, opposite

Harper's Ferrj', is of a great mass of this schistose rock with fragments of

pink quartz, dipping S. .30^ E.-45'^. This continues for an horizontal dis-

tance of 1401 feet (44') meters) east and Avest of the bridge, along the

Potomac river.

To the west there appears an hydro-mica schist, dipping S. 40^ E.-18°,

but curling so as to render it difficult to ascertain the true dip.

Further west are met in succession :

f Greenish chlorite slates.

j
Hydro mica slates very much convoluted.

Hydro-mica slates.

(^Chlorite slates dipping E. 20' S.-S.l-.

All the above have practically one dip.

* stottsville, wlikli is omitted from tli3 geolo:ricul uiup of ChL-ster county, 13

on the southern side of tla- valley opposite Pomeroy.
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-Very compact dark blue slate S. 30^ E.-^<P.

Same, with N. W. dip for a short distance.

Same. Dip E. 30OS.-26-.

Same. Dip X. 80- W.-24- (in ravine 300 ft. wide).

Same. Dip E. lo S.- ± 30O.

B •! Same. Much inter.'^ecting quartz.

Same. Dip zb S. E. d= 40°.

Same. Dip ± S. 35^ E.-250.

Sandy slate, weathered nacreous schist E. 30^ S.-20-.

Iron ore clays.

- Limestone, with tmces of fossil?.

The horizontal distance covered by group A is 4341 feet, and by group

B, 6060 feet.

It will not be easy to construct an inversion with these dips. It cannot

be denied that this Mountain Creek rock lies on chlorite and h5^dro-micas,

and, if there be no fault, according to Mr. Hall's theory, the fossiliferous

limestone should lie about 3000 feet below these schists.

At 1029 feet east of the bridge the Mountain Creek rock, still dipping

E. 25° S.-25-', is replaced by hydro-mica schist as it were by the grailual

dying out of the fragments of quartz. The dip in the first part of these

measures, which assumes the entirely changed form, is E. 30^ S.-320.

This goes on alternating with quartzite and chlorite schists for 2700 feet,

when a Mountain Creek rock comes in lying unconformably against the

preceding. A repetition of the M(Hintain Creek rock commences from

here, which is about 100 feet west of the first house* [*in 1870] of the set-

tlement on the Maryland side of the river, opposite Harper's Ferry.

Chlorites, hydro-micas and quartzites therefore clearly lie above and in

contact with the Potsdam if this be its representative.

(3.) "But it is equally clear that the mica schists and gneisses are not

found between the Primal and the rocks of the third belt."

This is, perhaps, equally clear with Proposition 2, but no more so.

As incidentally mentioned above, the whole structure of the east flank

of the South mountain is opposed to this view. Here the schists lie on the

central kernel or axis which, whether it be Laurentian or Hurouian is,

without doubt, older than the rocks we are discussing.

In Section 9, of Report CC, small synclinals of Potsdam are seen rest-

ing on the schists. In Section 7of CC, four miles S. E. of Mt. Holly, the

Potsdam (?) quartzite is seen overlying and underlying the chlorite slates.

.^t Chikis a belt of schists underlies the upper Potsdam quartzite and

overlies the lower quartzite.

If the quartz rock of Peter's creek be the Potsdam, it lies on chlorite

schists. So do the detached masses of Potsdam C[uartzhe of North Co-

dorus. Spring Garden, and ilanheim townships in York.

The same is true of the Potsdam between Doe run and Toughkenamon,

and in other places in South Chester and in Sadsbury, E. and W. Brandy-
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Avinc (norlh ot" Uowiiiugtoii), :iiul I'liper ninl fiowci- rwchlan, north of

tlie "Valley.

As the premise is not adiiiittiMl, ncitiu'i- Cim be the conelusion, whii-li is,

that

:

(4.) " If the mica schists were older than the Potsdam sundstone, they inunt

hare been deposited vp to a ffeof/raphical line tchich is sharply defined."

It does not seem that tl'is I'oJlows ; but the suggestion about the geo-

graphical line opens tlie door at once to another explanation of which the

grounds will he more fully stated presently.

This hypothesis is : That a fault line runs along the South Valley Hill,

bringing up the lower pre-Potsdam schists and Laurentides. That this

fault does not continue to the extreme eastern point of the synclinal, but

leaves it near the eastern extremity, and pursues a course a little to tjie

south of the latter, thus cutting off the southern extension of the Potsdam,

but necessarily leaving a part of the northern sheet which, laid down uu-

conformably on Laurentian and Huronian, has been subsequently eroded

from the former except along the Bound Brook Branch E. R. This hy-

jiotliesis is offered, with all modesty and reserve, simply from an inspec-

tion of Mr. Hall's map, and without personal studj' of the ground. But
at least it seems possible that that which has happened to the limestone

beds, when the fault passed through them, might happen to the enclosing

Potsdam when its direction was through the latter.

(5.) "Been supposing a fault w7iich in all probeibility does exist eilong

their northern edge, there xronld still be some remnants of these rocks to be

found in their normal position upon the syenites of the Third Belt, and frag-
ments of the rapidly disintegreiting schists would have been entombed in the

Potsdam sandstone itself, even supposing them to heite been sicept off the un-

derlying rocks north of the present limit."

It seems evident that the conditions are very different here from those

which obtain in Chester and further Avest. The Susquehanna River s,ec-

tion illustrates at Tocquan creek just the state of things spoken of here.

The axis of this great anticlinal where, without any doubt whatever,

the lowest rocks on this river, within the limits of the State, are exposed,

consists of agneiss nucleus on which lie.chloritic and hydro-mica, and tinally

(where Potsdam might be expected) quartz schists or schistose-quartz

slates.

Mr. Hall's own definition of his '• Edge Hill rock," too, would seem to

render it unnecessary to cite examples elsewhere. He defines this rock, the

type of his Potsdam, to be " usually a fine-grained white or gray sand-

stone and quartzite, tcith scales of light-colored mica. It is usually thinly

laminated. Occasioned beds of fine conglomerate arc met with." (p. 45.)

What better example of the entombed remains of the underlying schists

could be expected ? If the beds are thinly laminated, it is evident that the

materials out of which they are composed were greatly broken up, and
nothing would remain of the schists under the circumstances but the mi-
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caceous minerals composing them, Mr. llall does not stale the nature of

tlie fragments forming the conglomerate, but on page 4G the significant

statement is made that, "Itacolumitc and hydro-mica schist have been ap-

plied to the specimens analj'zed."

There can be no error as to the rocks thus spoken of, as appears from

six field numbers which are given of specimens of Potsdam analyzed, of

Avhich the first two are found on referring to the analyses to be" "Itacolu-

mitc" and the last four "Hydro-mica schist." It will hence be unneces-

sary to multiply examples of the same kind which might be taken from

anj- of the four counties enumerated above. The fact is indisputably es-

tablished by Mr. Ilall himself that remains of the schists are abundantly

found in the Potsdam.

At this point the simple statement is made that the same difficulties are

encountered in trying to find a place for the schists until the upper limit

of the limestone is passed. As it is well known that there is an abun-

dance of slates above tliis limit, the inference is drawn that the schists

belong there.

This part of the discussion may be left with the remark that to the

knowledge of the writer no extensi^'e series of cfdoritic schists has been

found to belong to the measures whicli are without dispute above the

limestone of II.

A brief resume of the principal reasons for assigning to these schists a

lower horizon may be here roughly sketched :

(1.) There can be no doubt that the straight and narrow valley called the

Chester Valley is connected actually with the great Lancaster limestone,

and that it represents a part of a synclinal fold. The anticlinal once con-

necting it with the larger mass of limestone passed over (and probably high

over) all of northern Chester county. If the schists to the south of the

valley lie on the limestone, then the entire thickness of the latter must

plunge beneath the surface within the limits of the valley. At places (as

between Atglen and Pomeroy), the actual space which may be filled by

limestone varies from a few hundred to fifteen hundred feet. But the

limestone as measured on the Neffsville and Wrightsville sections is about

2700 feet thick. Of course if there be an upthrow on the south, any

amount of the upper part of the limestone may have been eroded and any

small portion of the lower beds left.

The dips are northward along the western part of Sadsbury township ;

and they are in sandy mica schist and gneiss on the north side [as for ex-

ample N. 10^ W.-30^ (Atglen) ; N. 45° W.-lOO ; N.-SO^ (near Parkes-

burg) ; N. 45° W.-40^ (ditto)]. The limestone when first found in place

by the machine shops in Parkesburg strikes E. 25° X.- vertical. Further

east near Pomeroy it is on the northern edge of the valley iV. W^ W.-SO'^.

Decomposed gneiss just nortli of Pomeroy gives a succession of S. E. dips

about S. 10'^ E.-85^. A few hundred feet south of the north dip in the

limestone is a dip rb S.-80'\ and a thousand feet or so in the same direc-

tion S. 15° E.-GO^ etc.
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North of llie gneissoid schists again the quartzite dips about S. 15° E-45^,

and therefore underlies these schists wliile the limestone either abuts upon

them or overhes them in a sharp upward curve, whicii can no longer be

traced.

(2.) The objection to the mathematical straightness of the line of junc-

tion of such soft rocks as the hydro-mica schists and the limestones is a

serious one. Nothing is more likel}'', on the other hand, than that such a

mathematical line of demarcation should be established by a line of

fracture.

(3 ) The absence of limestone from the junction of the Potsdam and the

schists from Huntingdon Valley eastward on Mr. Hall's map, is difficult to

explain if these schists really belong above the limestone, and there be no

fault along this line. If on the other hand there be a fault (which natu-

rally extends along the South Valley Hill), it is singular that it does not

bring up the underlying limestone and broaden that valley if the schists

of the South Valley Hill are superior to the limestone.

(4.) The limestone of Adams, York and Lancaster counties believed to

be No. H of Rogers is much mixed with schistose and micaceous matter in

its inferior layers and is usually surrounded by schists from which this

foreign matter is derived.

The limestone of Chester county, near Stottsville, Pomeroy, Parkes-

burg. and for the whole length of the Chester Valley, is similarly mixed

with micaceous matter and frequently resembles a mica schist more than a

limestone.

(o.) The Potsdam quartzite and sandstone near Coatesville are similarly

mixed with micaceous material, and this texture may be ver}' frequently

observed in the lower layers of the Potsdam elsewhere in Chester as well

as where Mr. Hall has observed it.

(G.) The contact of the limestone sometimes with the Potsdam and

sometimes, when the latter is absent, with the schists, may be observed in

lower Lancaster and apparently on the southern side of the great

(Tocquan ?) anticlinal whicli passes through Sadsbury townships of

Chester and Lancaster counties.

(7. ) In various places in East and West Brandywine and Lower Uwchlan,

chlorite and hydro- mica schists are abundant below the Potsdam. The
series is well exposed from a short distance north of the E. Cain border

on the North Branch of the Brandywine past Dowlin's Forge and Dorian's

Mills.

(8.) If the schists south of the Chester Valley be younger than the

limestone, and the Doe Run and Chester Valley limestones represent but

one horizin, there must be a s\^nclinal fold between the two.

But it has been stated above that the dips are flatter towards the south,

so that if there be here a plication, it is an anticlinal.
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([9.) There should be evidence of Potsdam south of the belt of lime-

stones striking with that of Doo Run to the east, but there is not.

(10.) There should be evidence that the Doe Run limestone is above the

Potsdam to the south, but the former appears to dip under the latter.

This limestone as well as the small detached bodies just alluded to seem

to be analogous to that betwca Scottsville and Rockville in Bucks

county.

(11.) There are small tongues and isolated patches of Laurentian rocks

occurring in the midst of these southern schists. One comes into Chester

county from the east in Eastown and Treddyfrin townships, and another

occupies a small area near West Chester. These patches are bordered on

all their sides bj'- these schists with no intervening rocks. The bordering

rocks therefore cannot belong to a group above the Potsdam jind the

lower Silurian limestone.

(12.) Several localities in Kennett Square and New Garden to\vnshii)s

exhibit areas of Potsdam rocks surrounded by these schists with no inter-

vening limestone. The schists tiierefore cannot belong to an horizon

superior to the latter.

These are some of the reasons which are opposed to the structure sug-

gested by Mr. Hall.

The section on Mr. Hall's p. 32 is so ditferent from the same section

which the writer made in 1880, and the conclusions which Mr. Hall draws

from his section, are so important, that a rough copy of the writer's section

is herewith subjoined, on an approximate scale of 1425 feet = 1 inch. The
direction of the section is about that of the average dip or S. 12*^ E. It is

necessary to explain that the first group of dips is projected on the line of

section at Henderson's Station from the road west of that point, and the

Primal must lie west of Avhere this section begins.

If this junction be accepted, however, from Mr. Hall's observations, it

will not affect the important conclusions which suggest themselves.

First, of a possible fault between the limestone with part of its underlying

schists and the mica-schists to the S E. ; and secondly the synclinal char-

acter of the limestone near Conshohocken, with an anticlinal of the un-

derlying schists to the south-east cut by a trap dyke.
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Obituary JS^otice of Edouard Desor. By J. P. Leshy.

{Read before the American PhilosopMcal Society, May 19, 1S82.)

The winter of 1881-2 will be remembered for the great losses which the

world of culture suffered in rapid succession : Draper, Longfellow, Emer-

son, in America ; Darwin and Desor in Europe. Other names, also,

were erased from tlie roll of the world's prophets ; but these were teachers

of the prophets—primates and patriarchs in the hierarclij'—masters on

whom others depended, and to whom they deferred—leaders in the pro-

cession of thought and expression of thought—founders of styles and meth-

ods—builders of superior edifices of human knowledge and human taste ;

characterizing the century in an active as well as a passive mood, and

therefore leaving Christendom in mourning for their disappearance.

The world remarks that these men were much beloved. They were gen-

tie, loving beings, as amiable as they were vigorous of soul. That the

world loved them and heard them gladly proves that the world is better

than it was. That they could sing, and tliink, and work, without moles-

tation, proves that the w^orld is wiser than it was. The powers hostile to

human enlightenment have lost their thrones
;
personal liberty is estab-

lished. The tribune and the press are, the pulpit is becoming, enfran-

chised. And as with personal liberty a higher tone of private morals has

supervened, so wnth liberty of speech and pen lias come into the life ot

Christendom a gentler spirit of controversy and a more judicial method of

investigation. Fear is the mother of cruelty and its brood of vices intel-

lectual and physical. Persecution has always bred heresy. The excom-

municated hate the excommunicators ; exiles are emancipated from all

respect and afiection for government. The suppression of ideas by phys-

ical force is like the compression of explosives ; times are alw^ays coming

to apply the matcli or pull the trigger. Men who are forced to fiy from

their ancestral homes to begin a new career elsewhere, acquire rapidlj' hj
the struggle for life a noble development of all their powers

;
gaze

upon the new world around them with new eyes ; inform themselves of

what would never -have interested them ; allj^ themselves with the strong-

est and wisest whom tliey find ; invent enterprises
;
place scaling ladders

against the ramparts of fame, and in the end come to be of the number
of the world's rulers.

Such was the experience of the man whom, as a member of this Society,

we remember and lament, Edouard Desor of Neufchatel.

The Desors were Huguenots expelled from France by the revocation

of the edict of Nantes. They settled in Hesse -Homburg, and helped to

form there a little colony which retained in use the French language in their

<lwellings, schools and churches, while it adopted the German language

for intercourse with the world around.

In 1811 (Feb. 13tli) our late distinguished fellow -meml)er Edouard
Desor was born at Friedrichsdorf near Frankford-on-tlie-^Iain. He was
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baptized Pierre Jean Edouard, but his publications and his literary cor-

respondence show that he had dropped the first two names, and few per-

sons were aware of his having any other personal designation than Ed-

ward.

His father's name was Jean Desor, and his mother's maiden name was

Christine Albertine Foucar.

"Desor" w^as originally " Des Horts," meaning "of the gardens."

A Catholic branch of the family Des Ilorts still reside at Marsillargues, in

the south of France, on the route from Lunel to AiguesMortes. From
this little village many. Protestant families were chased into exile, by

Louis XIV, in I680. ^I. Fritz Berthoud in his "L'Hiver au Soleil," de-

scribes how, in one of their journey's to the Mediterranean coast, Desor

and he stopped to make the acquaintance of this scene of persecution.

Jean Desor, at Fried richsdorf, conducted one of those manufactures

which France lost by the folly of her so-called Great Monarch. He died

and left his two boys to the care of their mother ; but she, too, worn out

with misery and loneliness, died, and thej' grew up as best they could.

Young Desor's education was, however, on the whole a good one ; and

the peculiar constitution of his native town gave him this advantage :

French and German were alike his mother-tongue. This made it easy

for him, when the time came, to lead a useful life in Paris, and to settle

finally at Neufchalcl, whei-e both languages are spoken alike by all.

He acquired a good knowledge of English, also. Several years of resi-

dence in the United States made our language as familiar to his ear and

tongue as his own native dialects. Although he never overcame the dif-

ficulty of pronouncing such sounds as th, and always spoke of sick and

sin rocks, he nevertheless wrote English in a singularly pure style, and

spoke it with admirable precision and force. His long intercourse with

Italian geologists and his frequent residences in Italy gave him command
of the Italian language.

His earlier education was gained at the gymnasium in Hanau. Tlvence

he was transferred to the University of Giessen, and commenced his stud-

ies for the legal profession, which he afterwards continued at the Univer-

sity of Heidelberg. His elder brother adopted the career of a physician.

At Giessen also was educated Desor's colleague in science and life-long

bosom friend, Karl Vogt, who was six years his junior, and who still sur-

vives to mourn his loss. Vogt afterwards studied chemistry with Liebig

at Heidelberg, and (1835) anatomj' and physiology with Valentin at Berne,

when Desor was already established with Elie de Beaumont in Paris.

As his forefathers had been persecuted out of France into Germany for

their religious and political heresies, so Desor and his brother were driven

back from Germany into France bj' persecution, on account of their en-

thusiastic .sympathy with the revolutionary excitement of 1830, which

pervaded all Europe, the principles of wliich were elaborated in the uni-

versities of Germany, and preached and practised by the entire burschen-
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scliaft, inflamed with vague hopes of a repetition of the French revolution,

tlie destruction of irresponsible princedoms, and the liberation and unifica-

tion of the Fatherland. Vogt fled to Switzerland. Desor's brother, after

a short staj' in Paris, settled also in Switzerland, at Neufchatel, although

that canton was an appanage of Prussia, and its inhabitants spoke French

and German indirterent])\ But Desor himself remained in Paris from 1833

onwards until his brother's marriage to a wealthy lady, M'lle de Pierre,

in Bole-over-Colombier, proved too strong an attraction, and he became a

Swiss, not only in residence, but in heart and soul and character, and re^

mained a Swiss to the last day of his life.

In Paris he tried at first to support himself b\' translating, for a French

publisher, Ritier's Erdkunde. He was also employed by Dr. Hahnemann
as his private secretary. T have heard him affirm of his own knowledge

that the transfer of simple homoeopathy on to the trancendental ground of

infinitesimal doses, with correspondingly high powers, was the work of

Madame Hahnemann ; her husband having nothing to do with it.

In Paris, Desor studied geology under Elie de Beaumont who, then 34

j'^ears old, had become Professor of Geology in the College of France in

1833 the year of Desor's expatriation.

This year of 1883 is famous in the history of our science, for it marks

best the date of the labors of Sedgewick and Murchison in England and

Wales. It was also the year of the cholera. In 1833 Elie de Beaumont

was made Cliief Engineer of Mines ; antl with Dufreno}^ commenced the

preparation of the great geological map of France, published in 1841. His

Mountain Sj'stems did not appear until 1853 ; but during the interval of 30

years he was elaborating that masterpiece of geological genius in lectures

which raised him to the pinnacle on which he stood until his death as the

greatest living geologist, while it overthrew the factitious reputation of

his great popular rival Leopold von Buch.

Desor, however, was not much influenced by the special views of his

great master regarding the structure of the earth, and was too much in-

fluenced bj' the vague notions of the Swiss geologist Thurman, who tried

to apply a modification of Von Buch's elevation theorj^ to the anticlinals

of the Jura. Nor is it strange that Desor, only 31 years old, should not

have been more influenced by Elie de Beaumont's peculiar structural

theories. It cannot be otherwise, however, than that his subsequent de-

votion to geology was born in him by the teaching of his great master.

In after years he threw himself with ardor into orogi'aphic research ; but it

was always more practical than speculative ; and the extensive orographic

studies which he continued at intervals until his death were probably

mainly due to his experiences on the glacier of the Aar. His memoirs on

the Massifs of the Alps are inspired by quite a different motive from that

w'hich impelled Elie de Beaumont to the construction of his crystalline

globe. For Desor the structure of valleys through which descended his

glaciers was the main thing ! The surface, and not the underground, held
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Lis atttMilioii. His syslciiiHli/ation of Alpine nmges is wholly topograph-

k-al ; not at all mineralogical, much less plutonic. In my many convcr-

stUions with]liim I heard no theory escape his lips Avhich went deeper

than the erosion of the surface, nor was Elie de Beaumont ever alluded

to. His orography was essentially systematic and descriptive.

He accompanied Elie de Beaumont to the meeting of the Helvetic So-

ciety, at Xeufchatel, in 1837, and there became acquainted with Agassiz
;

and this became the turning point ofliis intellectual life. But the first re-

sult of the influence which Agassiz exerted over him was hostile to any

train of thought suggested to him by Elie de Beaumont. It drew him first

into the study of the fossil forms in tlie rocks of the Jura Mountains, and

then into the study of the glaciers of the Alps. It was not until Desor

joined the corps of Pennsylvania geologists, in 1852, that his eyes w^ere

really opened to the wonderful phenomena which had long before inspired

the o-enius of Elie de Beaumont to reconstruct the fundamental axioms

of structural geology. In fact, the bent of Desor's mind was for invesli-

"•alino- the forms and habits and metamorphoses of the animal world ; and

the large way in which he afterwards pursued these studies was due not

to the instructions of Elie de Beaumont in Paris, but to the influence of

the superior genius of Louis Agassiz in Xeufchatel, and through Agassiz

of that coryi)luTeus of modern science, Agassiz's great master, Cuvier.

After his return from America to Switzerland Desor studied the struc-

ture of the Jura Mountains with a clearer vision ; but, while his definition

of structural forms was singularly' precise and complete, his theoretical

conclusions were always based on more violent hypotheses than those in

voiue in the school of Lyell. He remained to his last days a moderate

cataclysmist both as to plication and as to erosion.

After leaving Paris to take up his permanent residence in Switzerland

Desor lived for a short time in the house of Professor Vogt, the father of

Karl Vogt, in Berne. At one of the annual reunions of the Helvetic So-

ciety of Natural Sciences Vogt introduced Desor to Agassiz, who induced

him to settle in Xeufchatel. Agassiz, born in 1807, was only 4 years older

than Desor, and they soon established a close brotherhood in society and

science, which lasted nearly twenty years. Agassiz had studied medicine

at Zurich, Heidelberg and Munich ; but by a curious accident, which he

was fond of narrating, his residence in the same house with an old man

whose rooms were filled with preparations of fish, Agassiz became enam-

ored of that special branch of Natural History ; had studied the fish

brought from Brazil by >[artius & Spix, and published his Latin descrip-

tion of them in 182U-31 ; and was appointed Professor of Natural History

at Neufchatel in 1832, where he was now in the full tide of his researches

into the nature and distribution of fossil fish. It was during a visit to

Paris that Agassiz made friends with Cuvier and Humboldt ; and at Paris

his great work oniric Classification of Fish went through the press during

ihe te^ years from t^?2 to 1842.

The summer vacations of Agassiz were si ent on the glacier of the Aar.
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his "Studies of Glaciers" appeared in 1840, and his "Glacial System" in

1847.

For eight successive summers Agassiz and Desor lived upon the

glacier of the Aar, and each summer ascended, mostly for the first time,

cue or more of the peaks of the Oberland. With two friends and four

guides they were the first to stand on the summit of the Jungfrau.

The great flat rock in the middle of the medial moraine of the glacier

of the Aar, pictures of which are so familiar to all readers of books treat-

ing of the glacial phenomena of the Alps, was called the " Hotel des

Neufchatelois," and during its slow majestic descent of the valley it enter-

tained more celebrities, and listened to more scientific talk than any other

house in Europe. All the world of science bent its steps, summer after

summer, to this unique council chamber in which caroused and debated

and slumbered side hy side Agassiz, Desor, Vogt, Duchatelier, Nicollet,

Pourtales, Coulon, DePury, Dolfus-Ausset and their innumerable friends

and visitors.

Perilous were the undertakings plotted beneath and executed from this

alpine boulder on the moving ice; and exciting beyond the common text

of scientific publication are the published descriptions of the first ascent of

the Schreckhorn, the first ascent of the Jungfrau, and especially the first

ascent of the terrible Galenstoc during which the son of Dolfus-Ausset

lost his life.

Among the later comers was James Forbes, who, having learned from

the veterans of the glacier of the Aar all that close and long and repeated

observations could impart, established himself on the Mer de Glace,

repeated and verified their data, and then returned to England and antici-

pated their conclusions by publishing his own celebrated book on the

formation and movement of the ice.

Vogt also settled in Neufchatel, but not until 1839, and assisted Agas-

siz for five years in natural history, especially in the preparation of his

work on the fresh water fishes. Vogt published in 1842 his Geburtshelf-

erkrote, and in 1843 his own book entitled "In the Mountains and on

the Glaciers." Vogt then went to Paris (in 1844) and staj'ed until 1846,

when he was appointed to a chair in his native city of Giessen. But the

troubles of 1848 breaking out, he became again apolitical exile, and

accepted the chair of geology at Geneva in 1852, and at Bern in 1853.

This brilliant coterie of men of science, in the prime of life and in the

heal of investigation laying the foundations of more than one depart-

ment of human knowledge, included two other names of equal fame,

Arnold Guyot, and Leo Lesquereux, both of whom still live to illustrate

and enlarge our science. While Agassiz, Desor and Vogt were at work

in the mountains Guyot was at work on the plain ; while they studied the

movement of the glacier, he defined the limits of the ancient moraines.

As for Lesquereux, his study of the peat bogs of Switzerland, and then
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of all nortbcrn Em'ope.led naturally to those broad generalizations respect-

ing the coal-heds of all ages which have given him an immortal fame.

In 1847 Agassiz settled in the United States and commenced his career

at Cambridge, Mass., after having opened the eyes of the British geologists

to tlie glacial phenomena of great Britain. He soon drew after him to

America Dcsor, Guj'ot, and Lesquereux.

Desor, before going to America, had published his own "Geological

Alpine Journeys," and had traveled through Norway and Sweden in

order to compare the moraine phenomena of Scandinavia Avith those ot

Switzerland.

In the winter of 1847-8 I found Agassiz and Desor at work together

in a zoological laboratory in East Boston, watching a multitude of living

creatures which they had obtained from the neighboring shore and kept

in plates and bowls full of sea water. When Agassiz moved to his pro-

fessorial residence in Cambridge Desor insisted upon remaining in this

laborator}' at East Boston. He soon became one of the lions of Boston

societj-, but attached himself with the ardor of warm friendship to Edward
Cabot, Theodore Parker and Josiah D. Whitney, who remained ever after-

wards his devoted friends. He became intimate also with Asa Gray and

Henry D. Rogers. It is needless to say that the circle of his habitual per-

sonal intercourse included such men as Emerson, Longfellow, Dr. Howe,
and James Freeman Clarke.

Tlie story of the separation of Agassiz and Desor which produced so

great a sensation in the brilliant society of Boston men of letters and

science will never be told, and need not be. In Aict, however, the closest

intimacy of years was sundered in a few weeks and the two never met
again. Agassiz pursued thenceforth an independent career; became the

idol of the western woi'ld ; connected himself closely with Pierce and

Bache and Gould ; founded a school of natural history research ; erected a

vast museum ; trained a considerable number of scholars to be the men of

science of the present generation, and in fact not only gave Harvard Col-

lege a new destiny, but inspired the entire population of the United

States with a zeal for discovery in every branch of human knowledge
which continues to bui'n and illuminate the world.

Desor at first turned to the study of the osars of the coast, and spent a

summer with Davis in the study of the tidal gravel banks, always with

an eye to glacial action.

He then joined Forster and Whitney in the survey of Lake Superior,

under a commission from the United States Government; his special task

was to study the alluvions and their fauna.*

In 1830 and 1851 he accepted proposals made to him by Henry D.
Rogers to participate in the revision of the geological survey of Penn-

*His term, Laurentian for the recent deposits along the St. Lawrence and the
Lakes has not been accepted by geologists, because of Its subsequent applica-
tion to the fundamental gneiss of the mountains of Canada. His views on the
Norlhern Drift he published in the Amer. J. S., xiii, 93, 1852.
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sylvania. As his task was to investigate the surface deposits, with a

special regard to the possible existence and activity of a boreal glacier

invading Pennsylvania, I saw much ot him in my topographical studies

for the construction of maps to show coal terraces, &c. and learned much
from him about the movements of the surface sub-soil and local drift.

The study of glaciers led him to regard with critical eyes all phenomena
of erosion, and his measurements of the retrocession of the falls of Nia-

gara gave him a very ditlerent scale of geological time from that of Hall,

Lyell and others. His diagramatic cross-section of the Via Mala,

placed him partly in accord with and partly in opposition to the glacial-

ists of the Ramsay school.

His glacial researches led him also necessarily to study rain and snow,

the fohn or schnee-fresser and other winds ; in a word he became a good

meteorologist and made one of the band of early investigators, w'ith Dove
at their head, who established that branch of modern science. After his

return to Europe he published papers on the "Climate of the United

States and its effect on habits and manners."

At the close of 1851, or early in 1852, Desor was recalled to Neufchatel

by the serious illness of his brother, whom he nursed until his death, tak-

ing care of his property and becoming his heir.

Here a new career opened before him ; he became a teacher. He was

appointed to a chair in the Academy of Neufchatel, made famous first by

Agassiz, and now more famous by the lively, clear, eloquent, fresh teach-

ings of Desor.

In the meantime he pursued his train of original research, and grad-

ually devoted himself to the special branch of fossil echinoderms. His

"Synopsis des Echinides" procured him a doctorate from the University

of Bale.

In 1856 his brother's death and the care of his inherited property in-

duced him to resign his chair in the Academy ; but while he tended his

vineyard overhanging the lake, and farmed the old hunting-lodge of

Combe Varin overlooking the Val de Travers, he pursued his researches

in natural history, and continued his dredgings on the sites of the aborigi-

nal lake-dwellers. He made unobtrusive use of his wealth in assisting

others in their researches.

"He was himself," says one of his intimates, "not without some ambi-

tion. It flattered him to stand in relations to the first men of science and

be known as their equal. The hospitality which he practised in the most

liberal manner enlivened and preserved to him this intercourse which he

so dearly loved. Every summer Desor's farm at Combe Varin, on the

mountain top overlooking the railw^ay station of Koiraigues on the road

to Pontarlier, was a gathering point for notabilites not only of Switzer-

land but of all foreign countries, not only his friends but his acquaint-

ances ; and there reigned in this old hunting-lodge of the Depierres such

a comfortable simplicity of entertainment and such perfect liberty of occu-

pation that each guest felt himself entirely at home.
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"On both skies of the level road •which led from the brow of the moun-

tain to the hou§e stood rows of trees, each dedicated to some guest and

marked with his name. More than a hundred names distinguished in

politics and science maj' here be read, many of them now, alas, be-

neath a cro?s, to indicate their departure to a better world."

Four times I have m3'self shared his hospitality, and can testify to the

charms of the place and of its master ; and I esteem it as a kind of patent

of nobility that my name stands among the rest. Here in 1859 Theodore

Parker found a retreat, the summer before he died in Italy (1800), and his

double-headed pine stood, at some distance otT the road, on the open slope

descending to the peat bogs which spread across the plateau between

Combe Varin and the village of Les Fonts. Desor followed Farker to

Italy, and was with him when he died. His attachment to him was based

nn tlieir intercourse in Boston ; and whatever spiritual theories Desor

accepted were more or less formulated under the guiding influence of

this powerful thinker and good and generous soul.

Desor was an active member of the Natural History Society of Neuf-

chaLcl.and published many short memoirsin its transactions. He leaves his

remarkable museum of prehistoric antiquities to its care.

He was a constant attendant at the meetings of the Swiss Congress of

Science, and would make long annual journej^s to attend other similar

national associations ; especially of late years the annual meetings of the

Antliropologists, as at Copenhagen and at Stockholm, where he was

received with distinguished honor.

In fact Desor may be considered the chief of modern geological archae-

I legists. After the first discovery of lake-dwellings in the winter of

1853-4 at Meilen on the shore of the lake of Zurich, and the commence-

ment of Keller's great museum there, all the lakes of Switzerland were

explored for similar discoveries. At least 200 villages were found by

Desor and Clement in the lakes of Neufchatel and Bienne ; by Morlot

and Troyon in the lake of Geneva, and by other seekers in other lakes.

It was concluded that the Swiss lakes were unique in this respect, although

Herodotus was quoted as authority for the existence of lake-dwellers in his

day in a lake of Thrace. Desor however insisted upon the generality of

the phenomenon, and at length made a rendezvous with Von Siebold, of

Munich, to test the question in company with his own trained dredger.

The immediate result was their great discovery that the palace of the Ba-

varian King was built on an island in the Sternsee around the edge of

which could be seen the piles of the aboriginal lake-dwellers ; and in the

little museum of the palace they found a considerable number of needles,

knives, chisels, &c. wiiich had been dredged from the foundation of the

palace. Upon this demonstration of the correctness of the large view

which Desor alone had taken of the subject the geologists and antiqua-

ries of Southern Germany and Austria set heartilj- to work and did not

fail to find prehistoric relics in all the lakes of that part of Europe.

Desor subsequently (18C4) joined Escher von der Linth the Swiss geol-
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ogist, and Charles Martins the botanist of Montpellicr, with a commis-

sion from the French government to explore the desert of Sahara, -which

they discovered to be of recent age by finding in its rocks recent shells.

Here also Desor gratified his love of dolmens and menhirs, and greatly

enlarged his prehistoric studies in that direction : but it was not until 1875

or thereabout that he became a zealous student of the mysterious cup and

circle markings on the erratic blocks of Switzerland, and learned by a

wide spread and laborious correspondence with his fellow-workers in all

countries that they were not only to be seen on rocks from India to Scot-

land, but on the walls of the most ancient Christian churches of Northern

Germany.

Desor was always recognized as an able geologist. His local work in the

Jura, mostly carried on with the assistance of his poor friend and able

palaeontologist Gressly, showed ample ability to grapple with difficult

structural problems, although he never freed himself from the prejudice

in favor of split anticinals which the extraordinary section across the

mouth of the Val de Travers would naturally inspire in any man who
lived within sight of it. This prejudice, moreover, he shared with all the

geologists of middle Europe. His astonishment and admiration for the

unbroken arches of the Appalachian belt therefore, when at length his

eyes were opened to their true character, was imbounded. But in spite of

the impression thus made, he remained a consistent opponent of those

views of cyclical erosion which were gradually forced upon American

geologists, and were afterwards made popular in England by Beete Jukes

in the course of the Irish survey.

Desor was the colleague of Bernard Studer, Peter Merian and Esher

von der Lintli in the commission of the geological survey of Switzerland.

During my last visit to his own 'home in Neufchatel, in 1880, he showed

me an upper room in which the commission kept its archives and met for

consultation. But the venerable Studer, the chief of the survey, has his

home at the capital of the Confederation, Bern. One of the most remark-

able pieces of geological investigation ever made was a section of a range

of the Jura north of Neufchatel, through which a long railroad tunnel

was to be driven. Desor and Gressly projected the stratification as

it should be found by the engineers. When the tunnel was finished the

actual and hypothetical sections were almost absolutely identical. Each
formation, almost each stratum, was struck at exactly the point indicated.

It was a notable triumph of exact application of science to practical ends.

The political life of Desor is viewed differently, of course, by diflerent

classes of his friends. There is intense conservatism in Switzerland, and

the overthrow of the aristocracy of the Canton of Neufchatel by the dem-

ocrats or radicals has never been forgotten nor forgiven.

As late as 1878, when I rode one day with Desor and Berthoud up the

Val de Travers, they were making merry over some scurrilous attacks

upon themselves in one of the newspapers ; Desor pointed out to me a ]ms-

sage in which they were called derisively the two small gods of Neufchatel.
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In one of the obitnary sketches of Desor (Basler Nachrichten), written

perhaps by Desor's very steadfast friend Prof. Riitimeyer, I find the fol-

lowing paragraph :

"The burghers of Fonts honored Desor with the burger-right, and sent

him, alternately with Nciraigue and Neufchatel (as soon as the radicals

got the majority in Neufchatel), as member to the Grand Council, which

once chose him its President. For many years Desor was a member also of

the Stiinderath, and of the Nationalrath (or Swiss Parliament), and one

of its most distinguished members. Perhaps it would have been better

for Desor the investigator had he devoted less of his time to politics ; nor

did politics always bring sweet fruits to Desor the man. For ever since he

fell away from his old comrades on the question of the repurchase of the

Jura railway, and engaged himself personally in an endless newspaper war,

which became ever more and more bitter and thankless, his health began
to fail, and five years ago the symptoms appeared of that serious malady
which led him inevitably to his grave."

The last three years Desor was sent by his ph5'sicians to spend the

winters in Xice, where he became an active member oftwo scientific socie-

ties. He thus came to preside at the discovery of the fossil man of Ca-

rabacel which produced so great a sensation in the geological world. He
directed also the researches made in the grotto of Peymanade, discovered

by M. Bottin de St. Vallier. He managed in spite his sufferings to as-

cend considerable heights, and discovered satisfactory proofof the former

existence of glaciers descending the southern slope to the shore of the

Mediterranean. His letters to me pn that subject display all the pleas-

ure and zeal of a boy. His little maps and sections of the structure of the

Ligurean coast are perfectly fresh.

Last February I went from Paris to Xice to see Desor for as I feared

the last time, and found him extremely feeble and full of pain ; but I had

so often seen him thus in former j'ears that I dreaded no immediate dan-

ger. In our conversations he dwelt with lively interest on a plan which he

was organizing to observe the temperature along the summits of the Pyre-

nees, and at the level of the plain. He went over again the old story of the

Folin or Alpine snow devouring south wind, in connection with the estab-

lishment of high winter sanataria for invalids in the Tyrol ; and also in

connection with the observed winter temperature observed on the Puy de

Dome relatively higher than on the plain at Clermont-Ferrand. He ear-

nestly demanded data from the American stations to help discover the

law, if it were one.

In a few daj-s Desor was no more. The lamp that burned so brightly

flickered a moment, and went out. All research was at an end. One of

the sweetest, simplest, most honest, most afiectionate, most robust and
energetic, most independent natures that ever acquired fame abroad and
inspired respect at home, suddenl}-^ ceased to suffer and ceased to think.

Science had lost another star, Switzerland a sturdj- champion of demo-
cratic liberty, and many of us a rare friend who cannot by any means be

replaced.
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Geological Notes. By E. W. Claypole.

(Read before the American PMlosopMcal Society, October 20th, 1SS2. )

A. Oil an Error in Identifying Two Distinct Beds of Iron Ore in Report G
of the Geological Survey of Bradford County.

In Report G, Bradford and Tioga Counties, and on page 3G, occurs the

following passage :

"6. In Leroy township, about a mile and a half west of Leroy, in the

main road, near the house of J. Wilcox, we found a bed of iron ore w^hich

appeared to be three or four feet thick, and of very good quality. See the

following partial analysis by Mr. McCreath :

Iron 29.5

Sulphur trace

Phosphorus 204

Insol. residue 49.27

"7. The same bed is exposed at Leroy village, in Gulf brook, where it

is nearly four feet thick and of good quality. A partial analysis of this

ore by Mr. McCreath resulted as follows, though it can hardly be a fair

test, for the average percentage of iron must be greater :

Iron 20.7

Sulphur trace

Phosphorus 185

Lime 8. 71

Magnesia 1.3

Insoluble residue 46.655 "

In reference to this passage I was informed during a recent visit in Brad-

ford county by Mr. A. T. Lillej-, of Leroy, that he considered it entirely

erroneous, and that these beds of ore so far from being one were separated

by a verj' considerable thickness of rock. The arguments which he ad-

duced appeared to me quite satisfactory, and we went out to examine the

ground.

Antecedently, if the two samples of ore were fairly taken, the analyses

induce suspicion : they differ so largely from each other ; the quantity

of iron is half as large again in the former as it is in the latter. It seems
improbaT)le that a bed of ore should vary so much in so short a distance.

The plan of this part of the valley given in Fig. 1, page 535, will make
this line of argument intelligible.

The lowest bed of iron ore occurs in the Gulf brook in connection with
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a mass of red sandstones, forming what are called the IMansfiokl Red beds.

These beds, wilh a solid sandstone, continue Avestivard and may be easily

traced. The sandstone forms the buttress of the hill, and the Mansfield

Red beds form a terrace higher up the slope. The direction ot the strike

of these beds is about N. E. by E. and S. W. by W. ; but the flattening of

the dip curves the outcrop line and throws the basset edge farther and

farther from the road. In addition, higher beds conlinuallj' pass across

the road from south to north as one goes westward, the azimuth of the

latter being slightly nearer the meridian than that of the former.

With the aid of Mr. Lilley, I traced the sandstone for about five hun-

dred j'ards to the west from the mouth of the Gulf brook where the strata

are vertical and found it gradually flattening down to a dip of about 45*^.

Leaving this bed I went across the outcrop of the strata southward, com-

ing, of course, on newer and newer beds at every step. At the distance

of about three-quarters of a mile from Leroy is a strong exposure of a hard

red sandstone in thin beds covered with peculiar fucoidal marks. It

forms a low ridge in the valley and crosses the road at a short distance

farther on. The strike of this bed agrees with that of the others above

mentioned, and the whole district is quite undisturbed by any dislocation.

Following it for some distance, I left it and crossing the strike again to

the southward, found a bed of green shale quite in the bottom of the val-

ley, and immediately upon it a second bed of iron ore, very much like

that at Gulf brook. It crops out in the road a little farther west, as men-
tioned in the extract from the volume G, given at the head of this note.

Bej'oud this bed of iron ore, which can be traced north of the road up
the hill lie the highest beds of the Chemung group—the Grammysia elUp-

tica bed, the Productella bed, and the Cap-rock—the last a thin shale full ot

crushed and imrecognizable fossils. Each bed is separated from the next

by a considerable thickness of unfossiliferous shale.

It is therefore bej'ond a doubt that these two outcrops of ore mentioned
in the extract from G given above, are not parts of the same bed, but be-

long to two different beds separated from one another by an interval of

several, perhaps 250, feet.

If any further proof of this conclusion is desired it may be found near

Franklindale. Reference to the map will show that the road forks about

a mile west of the village.* The two branches again meet at the distance

of half a mile east from the fork. By walking from the latter point along

the south road the order of succession, from the Mansfield Red beds up-

wards, may be distinctly seen. In particular, the two seams of iron ore

may be readily detected hy the red ground and the red road formed by
their destruction.

* The site of the village is wrongly given in the map in Report G. Itshonkl be
where the four roads meet, about a mile east ol the spot where itisniarkod. The
two roads also should be drawn meeting each other again, as above mentioned.
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B. Note on tlic occurrence of Iloloptychius, about 500 feet below the recog-

nized top of tlie Chemung Group, in Bradford County.

The base of the Castkill group has been assumed on pala^ontological

grounds at the lowest stratum in which Lhe remains of the great Ganoid

fish Holoptychius Amerieanus have been found. Lithologically and strati-

graphically this dividing horizon has been placed where the green fossil-

iferous shales of the Chemung are supplanted by red shales and sandstones,

mostly without fossils. Sometimes these two principles of division give

coincident, sometimes discordant, results. Often the fossil remains can-

not be found, and almost as often the line between red and green material

cannot be firmly drawn.

In Bradford county, however, these diflBculties do not occur. The green

rocks give place almost suddenly to the red ones, and the line between

Chemung and Catskill is easily draAvn on stratigraphical evidence. The

red Catskill rocks also in many places abound in remainsof fish near if not

at their base, consequently the two lines of evidence converge to almost

coincident results. The occurrence therefore of a well marked and un-

mistakable scale o^ Iloloptychius Amerieanus considerably below the divid-

ing plane is a fact worthy of some notice.

The scale in question is on the surface of a slab of green sandstone and

was quarried out of the solid rock by Mr. Lilley, of Leroy, when getting

stone for the foundation of a barn. Although I am unable at present to

determine exactlj^ the position of the sandstone, yet from the fact that it

lies at a very small distance above the Mansfield Red bed with iron ore, it

must be not far from four hundred feet below the base of the Catskill

group, as recognized in this county.

In further proof of the occurrence of the above-named fossil in this

horizon, I may add that while engaged with Mr. Lilley, in examining the

evidence for the presence of the Catskill, north of Franklindale, Mr.

L. picked up a loose slab of green sandstone showing on its surface

three large scales of Iloloptychius. The point where it was discovered is

very near the horizon of the specimen first mentioned, the bed rock is

very near the surface, little or no drift material is present, the slab is not

rounded, and the Catskill rocks are on the other side of the valley of

Towanda creek.

All this evidence concentrated, leads me to believe that this second

specimen is of Chemung age and comes from the same horizon as the

first.

C. On a Mass of Catskill Rocks supposed to exist on the North Bank of

Towanda Creek, near Franklin.

Reference to the geological map of Bradford county will show a patch

colored to represent the Catskill on the north bank of Towanda creek, in

Franklin township. It measures about four miles in length by one in its
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greatest breadth, and is apparently intended to represent a cap of that

formation overlying tlie Chemung of the same township.

The existence of this cap of Catskill, or at least of a great part of it, is

beset with numerous ditBculties to one who is familiar with the ground,

and during my recent visit in Bradford county I became strongly sus-

picious of the accuracy of the map. The following consideration was
very weighty in this direction.

The Chemung rocks all along the north bank ot Towanda creek dip to

the south at angles varying from 90^' to 15^. At Leroy, the former oc-

curs, and east and west of Leroy the dip flattens down, but not regularly

to the latter figure. The dip also flattens down as one recedes from the

road and goes northward, but very gradually, so that at Leroy it does not

disappear, and render the strata horizontal in less than a mile.

With this inclination of the beds and with the highest beds of the Che-

mung far out in the valley, probably in the west end of it on the south side

of the Towanda creek, it seemed quite impossible that any such mass of

the Catskill could occur capping them so near the road upon the north

bank. The generalized section along the valley is given in Fig. 2,

page 535.

When it is recollected that the total thickness of Chemung rocks between

the top of the group at a, and the horizontal exposure at h, must be at least

1500 feet, and is probably more, the difficulty of realizing a cap of Catskill

on the top of a hill only 200 or 300 feet high becomes obvious.

Aside, however, from all antecedent and theoretical considerations, it

was desirable to obtain the evidence of actual observation, in order to as-

certain the truth, and also, if possible, to detect the cause of the mistake,

if mistake had been made. On the morning, therefore, of leaving Leroy,

I obtained the assistance of Mr. A. T. Lille}', a gentleman well acquainted

with the district and with its geology, and set out to investigate the

ground.

Leaving Leroy by the Towanda road we first established the fact that

lower and lower beds of the Chemung come continually out of the hill-

side and point out into the valley for several miles, throwing the Catskill

farther and farther to the southward, and giving a constantly thickening

mass of Chemung to be placed on the hill -top, before the summit of that

group could be reached. Turning to the northward up a road about one

mile east of West Franklin, we followed it for nearly half a mile, until we
attained an altitude of about 150 feet or more above the valley. The
whole country on both sides of the road was deeply covered with drift,

and no bed-rock whatever was visible anj'where. Xor was a scrap of tlie

red Catskill sandstone to be found lying loose on the ground. Xot only

is it perfectly certain that no Catskill exists in place along this road (which
follows a small run), but it is equally certain that many hundred feet of

Chemung rocks are missing, and must be added to the top of the hill before

the base of the Catskill can be reached. Yet this road on the map is drawn
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crossing a broad belt of Catskill at less than half a mile from the valley

turnpike. This Catskill cap does not, therefore, extend so far west as the

road in question marked xx on Fig. 3, page 535.

Continuing our search we reached the point a, where the old and new
roads meet and, taking the former or northern one, we crossed to the

point marked Avith a cross. Here is a bold exposure of the Mansfield Red
sandstones standing with a dip of about 40° S. E. by S. This point is

almost exactly on the place where, according to the above-quoted map,

the edge of the cap of Catskill should lie. It is unnecessary to say that

no such material is there present. Not only are all signs of Catskill ab-

sent, but the whole thickness of the Chemung above the Mansfield red

beds must be put on before its presence is possible. Time at our com-

mand did not allow us to go back into the county through the woods to

determine at what distance this high dip disappears and the Chemung
beds flatten down to a level, but it is perfectly obvious that even if any

Catskill at all is here present it must be of small dimensions, and must lie

much further north than it is represented on the map. With a dip of 40°

at the point and about 500 feet of Chemung rocks missing, the existence

of any such Catskill cap is almost a physical impossibility.

I may add that the evidence, so far as the short time at my command
allowed me to examine it on the spot, is strongly against the existence of

any Catskill west or north of Franklindale.

It appeared certain that the wreckage of the Mansfield Red beds, which

is strewn over the hill-side along this part of the road, had been mistaken

for fragments of Catskill, the source of which was supposed to exist higher

up the slope. To account for the extension of the color so far to the west-

ward is less easy, because, as mentioned above, not a fragment can be

found upon the road marked with a double cross and lying east of West
Franklin.

D.— 0)1 two small patches of GatskUl represented near Leroy, on the map in

Report G, of the 2d Geological Survey of Penna.

In connection with what has been written above, I may remark that not

a scrap of evidence can be found in favor of the existence of either of the

two round patches of Catskill rock represented on the map, one at Leroy

and the other about one mile to the westward. The place in which the

former is marked is on Upper Chemung beds, of about the horizon of the

Mansfield Reds (which may have led to the error), and standing very
NEARLY VERTICAL. The placc of the other is near or at where the red

sandstone with fucoids (mentioned in an accompanying note), which lies

between the Mansfield Red beds and the Grammysia elliptica bed, crosses

the valley road. Hence, perhaps, this mistake. The beds here are un-

doubtedly Chemung, and more than 100 feet below the summit of the

group.

If this confusion was the real cause of the error it is the more surprising
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because the iron ore bed which overlies the red fucoidal bed has been (as

shown in the note above alluded to) confounded with another, occurring

several hundred feet lower down in the series. If the presence of Catskill

rocks is quite impossible with 100 feet of the Chemung missing, it would

be much farther from possible if 400 or 500 feet were missing, as supposed

in the report on Bradford and Tioga counties, p. 36.

E.—On the Equivalent of the Schoharie Grit of New York in Middle Penn-

sylvania.

The evidence of a single species, however "characteristic" it may be of

a stratum or group of strata in one place in favor of identifying that stra-

tum or group with another at any considerable distance, must always be

of little weight unless strongly corroborated by collateral evidence. Even

a single species, however, may be allowed to possess considerable value,

if thus corroborated. From this point of view the following noie may pos-

sess interest:

The Cauda- Galli or Schoharie grits of New York overlie the Oriskany

sandstone. Of the former, Prof. Hall wrote in 1867 (Pal. of N. Y., Vol.

4. p. 1):

"The Cauda- Galli grit is almost a non-fossiliferous rock; a few fragments

of plant-like fossils and the peculiar surface-markings of the slaty lamina?

from which its name is derived, being the only objects resembling organic

bodies which have fallen under my observation. A single specimen of

Platyceras, similar to P. tortuosum of the Oriskany sandstone, has been

found in this rock, * * * * It passes by almost imperceptible grada-

tions to the Schoharie grit, which is marked by the presence of numer-

ous fossils. The upii^r beds of the Cauda Galli grit, and also the lower

beds of the Schoharie grit preserve those peculiar markings which have

been termed Fucoides Cauda- Galli (Spirophyton Cauda- Galli)."

It thus appears that these two strata in Xew York form really one group

within which no line of demarcation can be drawn. This group consists

of unfossiliferous beds at the base, Cauda- Galli beds above them, and fos-

siliferous beds at the top.

The Cauda- Gain grit is, however, a stratum of very limited extent, con-

sidered lithologically . It does not occur in the western part of New York,

but is well marked in the east and extends into New Jersey. It thickens

toward the Hudson and reaches 50 or 60 feet in the Helderberg mountains.

The Schoharie grit is distributed over almost the same area as that of the

Cauda- Galli grit, being specially well marked at Schoharie and in the Hel-

derberg. Both strata doubtless owe their deposition to the same set of

geological causes.

Neither of these grits occurs in Middle Pennsylvania in any spot which

has fallen under my observation. The strata immediately overlj'ing the

Oriskany sandstone, in Perry and adjoining counties, consist of calcare-
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OU3 shales, argillaceous limestones and iron ores. For the most part the

lowest of these is an impure, earthy, hicmatite or a very ferruginous shale.

Apparently these two materials belong to the same bed, but appear dif-

terentl}' at different places. Near Bloomfield it is a haematitic shale of no

value, and yielding thus far no fossils except on its upper margin, where

an undescribed BeyricJUa occurs in great numbers. A few miles south ot

Bloomfield, in Sandy Hollow, it is a tolerably pure red ochre, much ot

which has been dug and ground for paint, but apparently the work has

not yielded sufficient profit to lead to its continuance. Here also I have

found no fossils, but have reason to think that some might be obtained it

the exposure were larger. This ochre lies close against the Oriskany

sandstone, here nearly vertical. At a short distance further south the same

bed again yields red ochre, which has been dug out close to the Oriskany

sandstone. The best layers for this purpo^e are the lowest, and these

have thus far yielded me no fossils. But about ten feet higher up, where

the beds are less ferruginous, I have met with abundance of specimens ot

Atrypa impressa Hall. They are well marked and in a good etate of pres-

ervation, being little altered by compression. They also occur solely as

internal casts.

Regarding this species Prof. Hall says (Pal. of N. Y., Vol. 4, p. 316) :

"This form of Atrypa occurs in the Schoharie grit. It is not known to

me in any other geological formation." Also (p. 315), "The casts of the

interior are more abundant than any other condition of the fossil in the

Schoharie grit."

From the above facts the inference seems warranted that these two grits

of Eastern New York or some parts of them are represented by the ferru-

ginous shales above mentioned. The sandstones indicate a shore line for

the time being extending, during the whole or part of the period, from

Eastern New York through Northwestern New Jersey into Eastern Penn-

sylvania, But west of this there is no evidence of anything but open sea

for a long distance, and the finer sediments accord with the conclusion.

The same species, Atrypa impressa, which lived near the shore or was
washed ashore when dead and was buried in the sandstone in New York,

sank in Middle Pennsj'lvania into soft oozy shale and was there preserved.

What the conditions were which produced the deposition of marine iron

ores and ochres it is impossible at present to say. "NYe are too ignorant of

the processes of marine metallic sedimentation to do more than guess at

them—a useless expenditure of time and thought.
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Note on the progress of the Second Geological Survey of Pennsylvania. By
J. P. Lesley.

(Bead before the American Philosophical Society, Jan. 19, 18SS. )

The progress of the Geological Survey of this State, which interests so

many of my fellow-members, both in America and in foreign countries,

deserves some record on the minutes of this Society, the mother society

of our country, and in former times the natural rendezvous of American

physical and mechanical science.

I venture then to oifer to the Society the following short account of the

ground already covered by the survey, as exhibited by its publications

since 1875, county by county, in alphabetical order ; with occasional notes

respecting those counties in which further field work must be done before

reports upon them can be made ready for the press.

It is needless to say, that the already collected data withheld as yet from

publication for this purpose must be added to express the sum total ot

actual work done in the State.

Adams County. Surveyed in 1874 and 1875 by P. Frazer. See Re-

port C on Adams and York (1876), and Report CC on Adams, York,

Cumberland and Franklin (1877). A^o^e.—Instrumental lines were run

in both counties. The special topographical survey of the the South

mountains in Franklin and Adams, commenced in 187G, was continued

through 1877, 1878, 1879, 1880, northwards to Pinegrove furnace. In

1881 and 1883 this survey was carried forward in Cumberland and York

counties towards Mount Holly Springs ; and in 1883 it will be nearly or

quite completed, to the end of the mountain range at Dillsburg. Four

sheets have been printed, but will not be published until the remaining

sheets of the South Mountain map are also printed. The whole will then

be published in atlas form with a report, and in rolls for the use of sur-

veyors.

Allegheny. Surveyed in 1875 and 1876 by J. J. Stevenson and I. C.

White. See ReportK on Greene, Washington and South-Avest Allegheny

counties (1876) ; Report KK on Fayette, Westmoreland and eastern

Allegheny (ls77) ; Report Q on Beaver and N. W. Allegheny (1877).

Armstrong. Surveyed in 1879 by W. G. Piatt. Report H 5 (1880).

Beaver. Surveyed in 1876 by I. C. White. See Report Q (1877).

Bedford. Surveyed in 1881 by J. J. Stevenson. Report T 2 (1882).

Berks. Surveyed in 1880 by R. H. Sanders. A geological map of

the limits of the formations and the dip and strike of all exposed rocks in

the valley is prepared, but not yet published. The sheets of the great

topographical survey of the limestone belt and mountains of Lehigh and
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!N"orthanipton (commenced in 1875, and completed in the spring of

1883), includes that part of Berks county lying east of the Schuylkill,

with the liills west of Reading (by E. V. D'Invilliers). The sheets of

this map are all printed, and will be published shortly in the Atlas to

Report D 3 (1883). The report on Berks county will be published after

further work has been done in the county.

Blair. Surveyed in 1877 by F. Piatt. See Report with Atlas T
(1881). The topographical map of Morrison's Cove, Canoe valley and

Sinking valley, with the Frankstown and Hollidaysburg region, reach-

ing to the summit of the Allegheny mountain at Galitzen, was com-

menced by R. II. Sanders in 1875 and completed in 1877. See the Atlas

to Report T. Note.—The delaj' in publishing this report was caused by
the necessity which arose of detailing the assistant geologist for work
in various other counties, which required immediate attention in view of

the publication of their reports.

Bradford. Surveyed in 1874 by A. Sherwood. See Rep.jrt on Brad-

ford and Tioga counties, G (1878). Note.—The delay in publishing was
caused by the fact that Mr. Sherwood was ordered to confine his attention

to the rocks below the coal. In 1877 Mr. F. Piatt reported on the coal

basins, and Report G was then published. Subsequent work by I. C.

White and E. W. Claypole has discovered such considerable errors in the

survey' of 1874 that a revision of the whole eastern and middle parts

of the county, north of Towanda creek, should be made.

Bucks. The southern belt of the county was surve3'ed in 1879 and

1880 by C. E. Hall. See Report on Philadelphia county and the southern

parts of Montgomery and Bucks, C 6 (1881). This report gives a detailed

description of all the rocks of the county south of the red shale country.

The northern edge of the county has been included in the Atlas sheets of

the topographical map of the South mountains (Reading and Easton

range) about to be published with Report D 3 on Northampton county

(1883). The largest part of Bucks county has not yet been surveyed.

Butler. Southern half surveyed in 187G by I. C. "White. See Report

on Beaver, and parts of Allegheny and Butler counties, Q (1877).

Northern half surveyed in 1878 by H. M. Chance. See Report on North-

ern Butler, V (1878).

Cauibria. Surveyed in 1875, by F. and W. G. Piatt. See Report on

Cambria and Somerset District, Part 1, Cambria, H 2 (1877).

Cameron. Surveyed in 1878, 1879 by C. A. Ashburner and A. W.
Sheufer. Tlie report on Cameron, Elk and Forest was partly printed in

1881 ; but the publication was stopped by the transfer of the geologists to

the Anthracite region, for organizing that survey. In 1883 there will be

a revision of llie work done in these three counties, and the Report K 2
will then be published.
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Carbon. The coal basin from Maucli Chunk to Tamaqua has been

surveyed, and the sheets of maps and sections published to accompany
Mr. Ashburner's first Anthracite report, AA, which "will go to press in :i

few weeks. The survey of the Eastern Middle coal field, commenced at

Hazleton in 1881, has been continued uninterruptedly, and the sheets ot

the northern basins will be ready for press in 1883. The Beaver Meadow
basin sheets will then be prepared. I^ote.—The geology of the Lehigh

river below Mauch Chunk is described in the Report on Pike and Monroe
counties, G- 6 (1882). The report on Carbon county requires further

field woi'k before it can be written.

Centre. Surveyed partially in 1880 and 1881 by F. Piatt and W. G.

Piatt. Survey stopped by the resignation of both assistants. Mines re-

visited and sampled for aualj^sis in 1883 by A. S. McCreath. Survey to

be completed in 1883 for Report T 3.

Chester. Surveyed in 1879 and 1880 by P. Frazer. Southern

townships re-surveyed in 1882 bj^ C. E. Hall. See Report C 4 just

ready to issue from the press. ]!^ote.—The delay in publication was occa-

sioned by the resignation of Mr. Frazer and his residence in Europe.

Clarion. Surveyed in 1879 by H. M. Chance. Report "VV (1880).

Clearfield. Surveyed in 1874 by F. Piatt. See Report on the Clear-

field and Jefferson District, H (1875). Note.—This report was based on

the Avork of an inexperienced party at the commencement of the survey,

and before the recent important developments of the coal-fields of Clear-

field. A resurvey of the county has been repeatedly ordered bj^ the

Board of Commissioners, and several attempts have been made to obey

the order ; but the occupations of the Geological Assistants in the various

districts of the State up to the winter of 1881 and 1882 prevented it. The
delay in passing the last annual appropriation bill cost the survey the loss

of the geologists who were successively detailed to make this revision,

and there were no others to take their place. The revision will probably

be made in 1883, and a new report be published.

Clinton. Surveyed in 1879 by H. M. Chance. See Report G 4
(1880).

Columbia. Surveyed in 1882 by I. C. White. Report now in prepa-

ration, to be published in 1883. For the coal, sec Schuylkill county.

Crawford. Surveyed in 1879 by I. C. White. See Report on Eric

and Crawford, Q 4 (1881).

Cumberland. Surveyed in 1878 by R. H. Sanders. County map ex-

hibiting all exposed outcrops and mines prepared. No report yet written.

All mines visited in 1880, and ores personally sampled and analyzed by
Mr. McCreath. See Report M 3 (1881). Note.—The peculiar character of

PROC. AMER. PHILOS. SOC. XX. 113. 3p. PRINTED FEBRUARY 14, 1883.
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the Great valle^v required that the same kind of survey should be made of

Franklin, Cumberland, Dauphin, Lebanon and Berks together. Each,

county has been similarly mapped by R. II. Sanders. All will be pub-

lished at the same time. Mountain survey to be finished in 1883.

Dniipliin. Surveyed in 1879-'80 by R. H. Sanders. County map
exhibiting all exposed outcrops, mines and limits of formations, prepared.

Mines personally visited and ores sampled in 1883 by A. S. McCreath.

Report delayed for general revision in 1883, in connection with Lebanon
and Berks. For the coal, see Schuylkill county.

Delaware. Surveyed in 1581 by C. E. Hall. See Report C 5 (1883),

to be published in the same volume with the report on Chester county,

C 4. Note.—This publication has been delayed by the impossibility of

preparing the illustrations for the report until after the report on Chester,

with its illustrations, had been provided. Delaware was formerly a part

of Chester, and its geology is dependent on that of Chester. The com-

bined report has been printed and its maps, «fec., are mostly printed. The
whole will be published this winter.

Elk. Surveyed in 1877 and 1878 by C. A. Ashburner and A. W.
Sheafer. The maps and sections to accompany the report were printed in

1880. The publication of the report was stopped by the transfer of the

geologist to the Anthracite region. The important developments made in

the coal basins of this count}' since 1878 make it desirable to revise this

survey. This will be done iu 1883, after which the Report R 2 will be

published.

Erie. Surveyed in 1879 by I. C. White. See Report on Erie and
Crawford, Q 4 (1880).

Fayette. The western part surveyed in 1876, the eastern part in 1877,

by J. J. Stevenson. See Report on Fayette and Westmoreland countfes,

K 2 (1877), and Report on the Ligonier valley, K 3 (1878). Note.—
Report IJ (1876) gives the special survey of the Coke region.

Forest. Sur^-eyed in 1879 by C. A. Ashburner and A. W. Sheafer.

The report on the coal areas and general geology will be published in 1883

iu conjunction with the report (K 2) on Elk and Cameron counties. The
wells of Forest count}' are described in the Report on Warren county, I
4, by J. F. Carll, now just ready for binding, and which will be pub-
lished in February.

Franklin. Surveyed in 1879 by R. H. Sanders. County map exhib-

iting all exposed outcrops and mines prepared. Mines revisited in 1880,

and ores sampled personally by A S. McCreath, and analyzed. See Re-
port M 3 (1881). Northern part surveyed in 1877 by J. H. Dewees.
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Instrumental line run in 1878 by C. W. Ames. South mountains instru-

mental surveyed in 1880-'81 by A. E. Lehman. Report delayed by the

office work on instrumental surveys.

Fulton. Surveyed in 1883 by J, J. Stevenson. See Report on Bed-

ford and Fulton, T 2 (1882).

Greene. Surveyed in 1875 by .J. J. Stevenson. See Report on Greene

and Washington, K (1876). A special Report on the Collieries and Coal

of the Monongahela valley will be made by J. S. Wall.

Huntingfdon. Surveyed partially in 1874-'75 by J. H. Dewees, C.

A. Ashburner and C. E. Billin. See Report on the Juniata District, F
(1878). Note.—That part of this report relating to the Broad Top coal

basin was reserved for future publication. The eastern end of the county

was surveyed by Mr. Billin in connection with his topographical survey

of the Seven mountains, some maps and sections of which have been print-

ed. Mr. Billin's resignation early in 1879 stopped both the work and the

report ; but he is now completing the report for publication. Much work
remains to be done in various parts of the county before a complete county

report can be prepared.

Indiana. Surveyed in 1877 by W. G. Piatt. See Report H 4 (1878).

Jefferson. Surveyed in 1880 by W. G. Piatt. See Report H 6
(1881). Note.—The first partial survey of Jefferson in 1874-'75, was pub-

lished in Mr. F. Piatt's report of Clearfield and Jefferson, H (1875).

Juniata. Surveyed in 1876 by J. H. Dewees. Note.—This volumin-

ous report required rewriting, for which there has been no sufficient op-

portunity. Maps of Juniata and Perry have been prepared. A resurvey

of both counties by E. W. Claypole is in progress. Reports on both coun-

ties to be printed in 1883.

Laclfawanna. Parts lying outside the coal, surveyed in 1882 by I.

C. White. See forthcoming Report G 7 (1883). Coal basin survey by

C. A. Ashburner and corps, commenced in 1881 and continued through

1882 and onwards, proceeds from west to east, and will not reach Lacka-

wanna until 1884. See Luzerne. Note.—For the east end, see Report

G 5, I. C. White (1881).

Lancaster. Surveyed in 1877 by P. Frazer. See Report C 3 (1880).

Note.—Elaborate and difficult illustrations caused the delay.

Lawrence. Surveyed 1877 by I. C. White. Report Q 2 (1878).

Lebanon. Surveyed in 1880-'81 by R. H. Sanders. County map
prepared, exhibiting all local outcrops, limits of formations, mines, &c.

Report delayed for work to be done in 1883.
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JLehig'Ii. Surveyed in 1874-'75 by F. Prime. Sec Reports on the Iron

Ore district, D (1875), D 2 (1878). with atlas. Note.—The delay of the

last report was occasioned by the fact that the instrumental survey of the

limestone valley belt and of the mountains continued from year to year,

and was not finished until 1882. The survey of the slate belt in 1881

b}' R. H. Sanders will appear in the Report on Lehigh and Northamp-

ton D 3, with atlas, mostly printed and to be published shortly.

Ijiizerne. Parts lying outside the coal, surveyed in 1882 by I. C.

"White. See forthcoming Report G 7 (1883). Coal basin survey by C.

A. Ashburner and corps, commenced in 1881 and continued through 1882

and onwards. Western sheets ready for printing. Middle sheets in prepa-

ration. A special report will accompany the sheets of each division.

Liyconiing'. Surveyed in 1877 by A. Sherwood, and again in 1878-'79

by F. Piatt. See Report on Lycoming and Sullivan, G 2 (1880). Note.

—The delay was caused by imperfections in the first survej^ which could

not be corrected sufficiently early in 1878.

McKean. Surveyed in 1876, 1877 and 1878, by C. A. Ashburner and

A. "W. Sheafer. See Report K (1880). Note.—The length of this sur-

vey was due to the amount of instrumental work needful for its study ;

and the delay of its publication, to the careful preparation of its atlas of

illustrations. The geology of Cameron, Elk and Forest was studied pre-

liminarily in connection with that of McKean ; and afterwards separately

and in detail.

Mercer. Surveyed in 1878 by I. C. White. See Report Q 3 (1879).

Mifflin. Surveyed by J. H. Dewees, C. A. Ashburner and C. E.

Billin in 1874-'7o-'76. See Report on Juniata District, F (1878). Note.—
Kishicoquillis valley not surveyed.

Monroe. Surveyed in 1881 by I. C. White. See Report on Pike and
Monroe, G6 (1882).

Montgomery. Southern part surveyed in 1879, 1880 by C. E. Hall.

See Report on Philadelphia belt, C O (1881). The rest of the county

to be surveyed in 1883. (See Bucks.)

Montour. Surveyed in 1882 by I. C. White. To be published in

Report G 7 in 1883.

Northampton. Surveyed in 1876 by F. Prime. Slate belt surveyed

in 1881 by R. H. Sanders. Mountain survey finished in 1881. Mountains
revised in 1882 by C. E. Hall. See Report D 3 mostly printed and soon

to be issued, with Atlas. See Lehujh.

Northumberland. Surveyed partially in 1877 by C. E. Billin ; again

in 1882 by I. C. White. To be published in Report G 7 in 18S3. For
the coal see Schuylkill county.
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Perry. Surveyed in 1877 by J. H. Dewees. Surveyed again in 1883

by E. W. Claypole. Report to be published in 1S8S.—Note. The delay

in publishing the report of 1877 was occasioned by the necessity for com-

pletely rewriting it. See Juniata.

Philadelphia. Surveyed in 1879, 1880. See Report C 6 (1881).

Pike. Surveyed in 1881 by I. C. White. See Report on Pike and
Monroe, O G (1882).

Potter. Surveyed in 1876 by A. Sherwood. Resurveyed in 1879 by
F. Piatt. See Report G 3 (1880)

.

Schuylkill. Anthracite survey commenced in 1881 by C. A. Ash-

burner and corps, continued through 1882 and onwards. Eastern sheets

of "Western Middle coal-field now in press ; western sheets in preparation.

Special report on each division to accompany the sheets. In 1884 the

survey of the Southern coal-field from Tamaqua westward will be com-
menced. See Carbon county.

Snyder. Surveyed in 1876, 1877 by J. H. Dewees. See Report on

Juniata District, F (1878). Surveyed again in 1878 by C. E. Billin, for

map. Further field work before a county report can be published.

Somerset. Surveyed in 1879 by G. W. Piatt. Report H 3 (1877).

Sullivan. Surveyed in 1877 by A. Sherwood, and a-^ain in 1878-79

by F. Piatt. See Report on Lycoming and Sullivan, G 2 (1880). The
Coal basins will be resurveyed as part of the Anthracite survey.

Susquehanna. Surveyed in 1880 by I. C. White. See Report on
Susquehannah and Wayne, G 5 (1881).

Tioga. Surveyed in 1874 by A. Sherwood, and in 1877 by F. Piatt.

See Report on Bradford and Tioga, G (1878). See Note on Bradford.

Union. Surveyed in 1878 by C. E. Billin for map. Requires much
field work before report can be published.

Venango. Surveyed in 1874 and onwards by J. F. Carll. See Re-

ports on the Oil regions I (1875), I 2 (1877), 1 3 (1880) and I 4 (1883

just being issued).

Warren. Surveyed in 1874 and onwards, especially in 1882, by J. F.

Carll. See Report on Warren county, I 4 (1883 just issuing from the

press). Note.—The long delay in reporting upon this county was occa-

sioned by the abundance of its fossils ; the extreme difficulty of establish-

ing the correct order of its rocks ; and the continued oil discoveries.
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Washington. Surveyed in 1875 by J. J. Stevenson and I. C. White.

See Report on Greene and Washington, K (1876). A special Report on

the colleries of the Monongahela valley -will be- made by J. S. Wall.

Wayne. Surveyed in 1880 by I. C. White. See Report on Susque-

hanna and Wayne, G 5 (1881).

Westmoreland. Surveyed in 1876 and 1877 by J. J. Stevenson.

See Rei)ort on Fayette and Westmoreland K 2 (1877), and on the Ligo-

nier valley K 3 (1878). Note.—Report L (1876) gives an account of a

special survey of the Connollsville Coke region.

Wyoming. Surveyed in 1876 by A. Sherwood. Resurveyed in

1882 by I. C. White. See Report G 7, to be published in 1883.

York. Surveyed in 1874, 1875 and 1876 by P. Frazer. See Reports

on Adams and York, C (1876) and C 2 (1877).

Of the above mentioned Reports, AA, C 3, D 2, D 3, I 3, R
and T, are accompanied by octavo Aliases, containing maps and sec-

tions. The following Reports have been published

:

Report A (1875). A history of geological surveying in Pennsjivania.

Report A 2, on Waste in mining Anthracite, by F. Piatt (1881).

Report AC on the mining of Anthracite coal, by H. M. Chance, will

be put to press this winter (1883).

Report E, on Azoic rocks, by T. S. Hunt (1878).

Report J. Special report on Petroleum, 1875.

Reports B, B 2, M, M 2, M 3 are the successively published re-

ports of chemical analyses made for the Survey by F. A. Genth, S. P.

Sad tier, F. A. Genth, Jr., A. S. McCreath and J. M. Stinson.

Report N. (1878) contains the Levels of the State railroads, canals,

roads, &c., collected in 1875, 1876, 1877 by C. Allen. Materials for N 2
are largely collected.

Reports O, O 2 contain the catalogue of specimens collected from

1874 to 1880. O 3 has not yet been prepared.

Report P (and Atlas) figures and describes the coal plants, studied by

L. Lesquereux, from 1874 to 1880.

Report P 2 describes the Permian plants of Greene county and West

Virginia, by Fontaine and White (1880).

Report P 3 containing new species of coal plants by Leo Lesquereux

and descriptions of articulates and mollusks, by C. E. Beecher, James

Hall and E. W. Claypole, will be published in 1883.

Report Z on the glacial moraines and gravels by H. C. Lewis, is nearly

ready for the press.

The small hand-book or traveling atlas of geologically colored county

maps is two thirds prepared, and will be finished in 1883.
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First Addition to the Fauna of the Paerco Eocene. By E. D. Cope.

{Read before the American Philosophical Society, Jan. 5, 18SS. )

There are fifty-five species included in my synopsis of the vertebrata of

the Paerco epoch*. Ten of these are reptilia, the remainder mammalia.

In the present paper a number of interesting additions are made. The
typical specimens are figured in the fourth volume of the U. S. Geological

Survey of the Territories, now in press.

Ophidia.

Helagras prisciformis, gen. et sp. nov.

Char. gen. The generic characters are drawn from vertebrse only.

These display a modified form of the zygosphen articulation, as follows :

The roof of the zygantrum is deeply notched on each side of the median

line so as to expose the superior lateral angles of the zygosphen. This

separate median portion of the roof of the zygantrum forms a wedge-

shaped body which may be called the episphen. It is surmounted by a

tuberosity, which constitutes the entire neural spine. The latter is thus

entirely different in form froni that of other serpents. Articular extremi-

ties of centrum round, the ball looking somewhat upwards. Costal arti-

culation 8-shaped, the surfaces convex and continuous. Hypapophyses

none on the two vertebrae preserved. Zygapophyses prominent. Free

diapophyses none.

This genus is readily distinguished by the presence, now first observed,

of the episphen in addition to the zygosphen ; and by the peculiar form of

the neural spine. We have now several vertebral articulations originally

discovered in American vertebrata. These are the episphen as above, the

hyposphen, which characterizes the Opisthocoelous Dinosauria {Sauropoda

Marsh), and the Diadectidm of the Permian period ; and the zygantra-

pophysis, which is present in the Diplocaulid family of Batracliia.

Char, specif. A section of the vertebra at the middle is pentagonal, the

inferior side slightly convex downwards. The lateral angle is the section

of the angular ridge which connects the zj'gapophyses The episphen has

a shallow rounded groove on its infero-posterior side, which is bounded by
a projecting angle on each side at its middle. The episphen does not pro-

ject so far posteriorly as the postzygapophyses, and the degree of its prom-

inence diflTei-s in different parts of the vertebral column. In one of the

two vertebrae in my possession its prominence is small. The tuber-

osity on its summit is a truncate oval with the long diameter anteropos-

terior, and equaling two-fifths the length of the arch above. It is ele-

vated above the rest of the median line, which is roof-like, with obtuse

angle. The tubercular articular facet is entirely below the prezyga-

pophyseal surface, but the free part of the prez^'gapophysis extends well

in front of it. It is distinguished from the capitular surface by a very

slight constriction. A slight ridge extends from the capitular articulation

* Paleontological Bulletin No. 35, Nov. 11th, 1S82,
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to the edge of the ball of the centi-um. Below this the surface is slightly

concave, and the middle line is gently convex. The latter terminates in

an obtuse angled mark just in front of the edge of the ball. This edge is

also slightly free from the b.ill. The capitular costal surfaces do not pro-

ject infcriorly quite to the line ot the inferior surface of the centrum.

Measurements of a Vertebra. M.

Length of centrum (with ball) 0070

c vertical 0035
Diameters of ball ? ,„, „„„„„„ .inm

( transverse 0040

Elevation of vertebra at episphen 0085

middle 0062

Width at prezygapophyses 0120
" tubercular costal faces 0105
" of zj-gantrum 0058

Vertical diameter costal faces 0040

Transverse diameter tubercular costal face 0028

This snake was about the sizeof the black snake, Bascanimn constrictor.

It is an interesting species for two reasons. First, it is the oldest serpent

known from North America. Second, in the imperfection of the zy^an-

trum we observe an approximation to the ordinary reptilian type of verte-

bra, from which the ophidian type was no doubt derived. In the former

there is no z3'gosphen or zygantrum.

Mammalia.

Triisodon levisiaxus, sp nov.

This creodont is represented by part of a right mandibular raums which
contains the fourth premolar minus its principal cusp, and the first and
second true molars, with the alveoli of the third. The ramus is deep, and
probably belonged to an animal of about the size of the red fox. The molars

have the structure most like that of the T. heilprinianas, especially an-

teriorly. The principal anterior cusps are united together for most of their

elevation, while the anterior inner is much smaller and lower, and is situ-

ated between the middle and inner side of the anterior cusp. The heel is

rather wide, and has a raised border. The external part of it is angular,

and is somewhat within the vertical line of the base of the crown. The
fourth premolar differs from that of the t3'pe the genus, T. quicirensis,

in having two acute longitudinal tubercles situated close together on the

heel.

The anterior masseteric ridge is very prominent. The masseteric fossa is

strongly concave, but shallows gradually inferiorly. Its inferior border

presents a low thickened ridge, which is recurved in front. This may be
an individual character only. The inferior outline of the ramus is gener-

ally convex, and does not rise much below the masseteric fossa.
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Measurements. M.

Length of last four inferior molars 0315
" true molars 0230

/ anteroposterior. . . . .• 0085
Diameters of M.i. I ^^^^g^,gj.gg 0055

Length of P-m. iv. on base 0090

Depth of ramus at M.i 0200

Thickness " " 0085

This Triisodon is not only materially smaller than the T. heilprinianus,

but differs in the characters of the heel of the inferior molars. In that

species the internal border is tubercular ; in this one it is entire. The
T. conidens and T. quivirensis differ in the arrangement of the anterior

cusps.

Dedicated to my friend, Henry Carvill Lewis, professor of mineralogy

and geology in the Academy of Natural Sciences, Philadelphia.

MiocL^Nus FEROx, sp. nov.

This new species is repi-esented by three specimens. One of these in-

cludes various separate teeth and a considerable portion of the skeleton ; a

second includes loose teeth and a smaller number of bones of the skeleton
;

and the third consists of a part of a mandibular ramus, which contains- the

three true molars. These indicate the largest species of the genus yet

known, the first individual above mentioned being about the size of a wolf.

The bones of the Mioclmnus ferox enable me to refer the genus approxi-

mately to its proper position in the system. Although we do not possess

the corresponding parts of the Mioclmnus turgidus, the type of the genus,

it is probable, if not certain, that they agree in generic characters. The
agreement in dentition extends to all the principal technical points, though

the specific differences are marked.

The skeleton is that of a creodont. The unequal phlanges are compressed

'^ claws, and the metapodial bones liave protuberant condyles. The astrag-

al alus has a simple head with convex surface, and the trochlea is a shallow

open groove.

The tubercular dentition refers this genus to the Arciocyonidm* "With

this family it is accordingly placed provisionally. It differs from the known
fossil genera in the single tubercle of the internal part of the crown of the

superior molars.

The species M. brachystovms and M. etsagiciis of the Wasatch epoch must

now be removed from this genus. I have shown that the former is an Artio-

dactyle. Now in technical points, the dentition of those species is identi-

cal with that of Pantolestes Cope, as well as with Miodmnvs. Although the

skeleton of the iy\}QofPantolestes, P. Zon(/ic«Mdws of the Bridger Beds, is yet

iinknown, it is safe to suppose that it does not differ from that of the M.

hrachystomus. I therefore refer the two species first mentioned to Panto-

lestes, and place that genus in the Artiodactyle sub-order.

* For the dentition of this family see Lemoine, Annales, Sc. Nat., 1878, July.

PROC. AMER. PHILOS. SOC. XX. 113. 3q. PRINTED FEBRUARY 14, 1883.
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Char, specif.—The canines are well developed, and have a robust root.

The crown is rather slender and is very acute. It is rounded in front, but

has an acute angle posteriorly. It is not grooved, and the enamel is smooth.

The single-rooted first superior premolar is situated close to the canine, and

behind it is a short diastema. 1 have the probable first true molar or fourth

premolar. The external cusps are rather small, and are well separated from

each other. The inner outline of the crown is rather broadly rounded.

The internal tubercle is connected on wearing, with an anterior transverse

crest which terminates near the inner base of the anterior external cusp in an

intermediate tubercle. There is a posterior intermediate tubercle. Tlu re is

a cingulum all round the crown excepting at the posterior intermediate

tubercle. The second (? first) true molar is like the one just described, but

has relatively greater anteroposterior width. In this tooth the cingulum

extends all the way round the crown.

There are but two inferior molars of this individual preserved, the second

and third true. The former of these has a parallelogrammic outline with

rounded angles. There are two posterior and tAvo anterior rather large

tubercles ; an anterior transverse ledge ; and a narrow external and posterior

cingulum, the latter running into the internal posterior tubercle. The latter

has a circular section, and is much smaller than the external posterior, which

has-a wide crescentic section. Of the anterior tubercles the anterior is much
the larger, judging from its worn base. The third true molar is triangular

in outline. Its crown includes two anterior and an external median tubercle.

The inner and posterior parts of the crown form a wide shelf, with the

internal edge denticulate. A weak external cingulum.

Measurements of Teeth. M.

Diameters base of crown of incisor \ ^ ^
'

< transverse 004

T-.. ^ n e • < anteroposterior 0130
Diameters base crown of canme <

^

(. transverse 0095

-p.. 4 • -\T • ^ anteroposterior 0095
Diameters crown, superior M. i. ^

^

(. transverse 0120

Diameters, M.? ii. |
anteroposterior 0110

I transverse 0110

T-.. . <••<•• nT .. f anteroposterior 0120
Diameters of inferior M. u <

^
^ ^

•- transverse 0105

Diameters of inferior M. iii. I
anteroposterior 01 25

(. transverse 0090

The second individual includes part of the superior walls of the skull.

The fragment displays a high sagittal crest, which is fissured in front so

as to keep the temporal ridges apart to near its anterior apex. The brain

surfaces show small, smooth, flat hemispheres, separated by a constriction

Irom the wide and large olfactory lobes. The navicular bone shows three

well defined distal facets, indicating probably five digits in the pes. The
teeth of this specimen include a posterior superior molar, and an inferior
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third or fourth premolar, with other teeth. The premolar is like that of

a creodont. Its principal cusp is a simple cone. To this is added a short

wide heel, whose superior surface is in two parts, a higher and a lower,

divided by a median ridge. A low anterior basal lobe, and a weak exter-

nal cinguium.

The third specimen belonged to an individual a little smaller than the

other two. It includes the first inferior true molar, a tooth lost from the

others. Its form is somewhat narrowed anteriorly, where it has two low,

but well separated anterior inner tubercles, which form a V with the ex-

ternal anterior.

Specimen No. 1 is accompanied by fragments of vertebrae and limbs.

The former are principally from the lumbar region, but fragments of the

atlas remain. This vertebra is of moderate length, and the cotylus is

somewhat oblique. The vertebrarterial canal is rather elongate, and its

anterior groove-like continuation in front of the diapophysis is not deeply

excavated. The lumbar vertebrae are remarkable in the characters of their

zygapophyses. These display subcyJindric surfaces of the posterior pair,

which indicates that the anterior ones are involuted, as in the specialized

Artiodactyles and Perissodactyles of the later geological ages. Such a

structure does not exist among carnivora, nor to my knowledge among
creodonta, nor in any mammals of the Lower Eocene. I do not find it in

Didelphys nor Phascolarctos, but it exists in a moderately developed degree

in Sarcophilus. The articular surface forms more than half of a cylinder,

and its superior portion is bounded within by an anteroposterior open
groove. The surface within this is not revolute, as in Bos and Bus, but

the articular surface disappears, as in Cervus. Eight such postzygapoph-

yses are preserved, all disconnected from their centra. Two of them are

united together. There are two other separated zygapophyses of smaller

size, which have but slightly convex surfaces. One is probably a prezyg-

apophysis of a dorsal vertebra. No centrum is preserved.

Of the anterior limb there is a probable distal half of a radius. It is of

peculiar form, and resembles that of Sarcophilus ursinus more than any
other species accessible to me. One peculiarity consists in the outward
look of its carpal surface, which makes an angle of about 45° with the

long axis of the shaft. The obliquity in 8. ursinus is less. The external

border of the shaft in 31. ferox is, however, straight, and terminates in a

depressed tuberosity. Beyond this, the border extends obliquely outward

to the carpal face, which it reaches at a right angle. The internal border

of the shaft is gradually curved outwards to the external border of the car-

pal face. Its edge is obtuse, while the external one is more acute for a

short distance, and rises to the anterior (superior) plane of the shaft. The
carpal face is a spherically subtriangular with rounded angles. It displays

two slightly distinguished facets, one of which is superior, and the other

is larger and surrounds it, except on the superior side. The internal mar-

ginal projection, or "styloid process," is not so prominent as in S. ursi-

nus, and is a roughened raised margin. Joining it on the inferior edge of
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the carpal face is another rougk projection of the margin. Immediately

opposite this, on the superior edge of the carpal face, is a rough tuberosity,

which encloses a small rough fossa, between itself and tlie styloid pro-

cess. Internal to it is a shallow groove for an extensor tendon of the

manus ; then a low short ridge, and internal to that a wide shallow de-

pression for other extensors. The carpal face diflfers greatly from those of

Sarcophilusiind Didelphyg in having the inner portion wider than the outer,

instead of the reverse, and in having no distinct styloid process. It indi-

cates that the manus was turned outwards much more decidedly than in

those genera.

Of carpal bones the only recognizable one is the unciform. Its proximal

articular surface rises with a strong convexity entad, and descends to an

edge ectad. The metacarpal surface is concave in anteroposterior sec-

tion, forming a wide shallow groove, extending in the direction of the

width of the foot. Its two metacarpal areas are not distinguished. The

entire first and second metacarpals, with the heads of the third and fourth

are preserved. They considerably resemble those of Sarrophilus ursinus.

The distal articulations are injured in both, but both display a sliarp troch-

lear keel posteriorly, which on the second extends nearly to the superior

face of the articulation. The condyle is subround, and is constricted lat-

erally, and at the base above. The second metacarpal is short and ro-

bust, shorter than in Sarcophilus ursinus. The first is also robust, but is

relatively longer, as it is three-quarters the length of the second. Its head

is expanded, especially posteriorly, and the large trapezial face is subtrian-

gular, with round apex directed inwards as well as forward. The poste-

rior face of the head is notched ectad to the middle. On the external

side of the head there is a vertical facet with convex distal outline, for con-

tact with the second metacarpal. The head of the latter is narrow, and is

concave between the sides. The concavity is bounded posteriorly by a

raised edge. The anterior part of the proximal facet is decurved. The

shaft is deep proximally, but on the distal halt is wider than deep. The

lateral distal fossae are remarkably deep and narrow, the condyle very much
contracted. The head of the supposed third metacarpal is as wide as the sec-

ond anteriorly, but narrows to the posterior third, and then contracts ab-

ruptly to a narrow apex. The supposed external side of the head is per-

fectly straight, and is continuous with the side of the shaft without inter-

ruption. The entad side displays no facet, but has a depression below

the head which adapts itself very well to the head of the first metacarpal.

In fact, if the metacarpals just named second and third, exchange places,

so that second is placed third and third second, the metacarpal series fits

far better. The fourth fits the so-called second much better than the so-

called third. This may therefore be the true order, althougli that first

used agrees better with the carpus of Sarcophilus. The head of the so-

called third is slightly convex anteroposteriorly, and is oblique laterally,

descending a little to the inner side. The fourth metacarpal is wider an-

teriorly than either the second or third. The inner edge is straight, while
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the outer is concave, tlie head being narrower before than behind. It has

a lateral facet on each side ; the inner plane, the external concave in the

vertical as well as in the anteroposterior direction. It thus approaches the

form of a metatarsal, but is not so strongly excavated, nor is the head

notched on either side. The unciform face is conve.K anteroposteriorly

and plane transversely.

The femur is broken up so that I cannot restore it. The head of the tibia is

gone, but a considerable part of the astragalar face is preserved. This is

transverse to the long axis of the tibia. It is narrowed anteroposteriorly

next the fibular tacet. Malleolus lost. The shaft is robust, and does not

expand distally for articulation with the astragalus. Three centimeters

proximal to the distal end, the external side throws out a low, rough, ridge-like

tuberosity. Above the middle the crest turns outwards, leaving the internal

face convex. There is a broken patella, which has one facet much wider

than the other.

The astracjalus has the trochlear portion a little oblique. That is, the in-

ternal crest is a little lower than the external, and the inner face is a little

sloping. The latter is impressed by a fossa above the posterior part of the

sustentacular facet, which runs out on the neck. The trochlea has a shallow

groove which is nearer the external than the internal crest, and Avhich

passes entirely round the posterior aspect to the plane of the inferior face

of the astragalus. The groove for the flexor tendon is thus entirely en-

closed, and issues on the inferior face at the posterior extremity of the

groove which separates the sustentacular fi-om the condylar facets. The

external crest of the trochlea is less prominent posteriorly than the internal,

thus reversing the relations of the superior part. The internal ridge be-

comes quite robust, but does not flatten out and project sub-horizontally

as in Oxyatna forcipata. The fibular face is vertical ; neither its anterior nor

posterior angles are produced. The neck is somewhat contracted (the in-

ternal side is injured). The head is a transverse oval, strongly convex

vertically, moderately so horizontally, and without flattening. A meso-

cuntiform (or possibly eciocune'iform) bone is wedge-shaped in horizontal

section, without posterior tuberosity, and its anterior face is a slightly ob-

lique square. The narrower facet is oblique in the transverse sense.

The metatarsals are represented, excepting the first and second. The

only complete one is the fifth. The heads of the third and fourth are much
like those of Oxyeena forcipata, and of about the same size. Their anterior

width is equal, and in both the external side is more oblique than the in-

ternal. Both have a notch at the middle of the internal side, but they dif-

fer in that the third has an open notch on the external side Avhich is want-

ing to the fourth. The lateral excavations Of the external sides are deep

and rather large, and thin out the anterior external edge. The lateral

facets are correspondingly large on the fourth and fifth ; on the third meta-

tarsal it is small, and a mere decurvature of the proximal surface. That of

the fourth is longer proximo-distally than transversely. That of the fifth

is about as long as wide, and presents more anteriorly ; or, to express it
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more accurately, the shaft and head present more outwardly than those of

the fourth. The proximal, or cuboid facet is narrow anteroposteriorly, and

is curved, the external side being concave. On the external side just distal

to this facet, the head of the bone expands into a large outward-looking

tuberosity, which is separated from the posterior tuberosity by a strong

notch. Between it and the head proper, on the anterior face, is a large

fossa. The entire form is something like that of tlie proximal extremity of

a femur with head, neck, great trochanter and trochanteric fossa. A some-

what similar form is seen in the corresponding bone of Oxymna forcipata.

The shaft of the fifth metatarsal, is one-fifth longer than that of the second

metacarpal (? 3d) above described. Its direction is straight, but it is some-

what curved anteroposteriorly. Its section is subtriangular, the apex ex-

ternal. The condyle is narrowed and sub-globular above, and spreads

laterally behind, the external expansion being wide and more oblique.

The keel is prominent, and is only visible from above (in front ) as an angle.

The distal extremities of some other metatarsals differ in being flatter at the

epicondyles, and concave between them on the posterior face. The con-

dj'les arc more sj'mmetrical, and are bounded above on the anterior face

by a profound transverse groove. Several pAaZawfires are preserved, including

part of an unguis. They are all depressed, and with well marked articular

surfaces, of which the distal are well grooved, and the proximal notched

below. The lateral areas of insertion of the tendons of the flexors are well

marked on the edges of the posterior faces. An ungual phalange is much
compressed at the base. The basal table is well marked, and has a free

lateral edge. The nutritive foramen enters above the posterior extremity

of this edge. No trace of basal sheath.

Measurements oj No. 1. M.

Length of atlas at anterior vertebrarterial foramen 0165

Expanse of postzygapophyses of a lumbar vertebra 0230

Diameter radius at middle of shaft 0100

Greatest distal width of radius 0220

Diameters carpal surface \
' ^ _„

t transverse Oloo

f vertical (interiorly) 0130

Diameters of unciform < anteroposterior (greatest) 0140
' transverse (in front) 0150

Diameters head metacarpal 1
1 anteroposterior 0130

t. transverse 0120

Length of metacarpal I 0310

Width metacarpal I at epicondyles 01 10

Diameters head metacarpal II \
anteroposterior 0110

I transverse 0070

Length of metacarpal II (or III) 0400

Width do. at epicondyles 0120

/ anteroposterior 0125

transverse 0075
Diameter head of M. Ill (or II) \
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Measurements of No. 1. M.

Diameters bead of M. IV |
anteroposterior.

. 0120

1. transverse (at middle) 0070

Width of patella near middle 0190

Diameters of tibia .07 M. from astragalus |
anteroposterior 0185

•-transverse 0130

Anteroposterior width of astragalar face 0200

Total length of astragalus 0310

r length on groove 0210

Diameters ofthe trochlea < width above 0160
' elevation externally 0130

Greatest width of astragalus below - 0225

Length anterior to internal crest of trochlea 0100

Diameters head of metatarsalIIl{^'^^^^''°P«-'^^^"«''
^^^^^

•^ transverse (in front) 0110

Diameters head of metatarsal IV [
anteroposterior 0140

t- transverse 0105

f anteroposterior 0120
' without tuberosity < f with lateral

' transverse < facet 0080

(without do.. .0040

transverse over all 0170

Length Mt. V 0460

Width do. at epicondyles 0120

Width do. at condyle above 0065

Width of M. Ill or IV at epicondyles 0120

Width of proximal end of phalange 012

Length of smaller phalange (1st series) 0230

vertical 0070

transverse 0110

Ungual phalange, vertical diameter of cotylus 0090

Diameters head M. V

Proximal diameter do- \

The specimen which has been partially described in the preceding pages

as No. 2, has many pieces which are identical with those preserved in spec-

imen No. 1. Among these may be mentioned the glenoid cavities of the

squamosal bone. These display, besides the large postglenoid process, a

well developed preglenoid ridge, as in Arctocyonidce, OxycEnidm and Meso-

nydddcR. A large distal caudal vertebra of elongate form, indicates a

long tail. An articular extremity of a flat bone is intermediate in form be-

tween the proximal end of the marsupial bone of Didelph;is and that of

Sarcophilus. Its principal and transverse articular surface is transv^ersely

convex, as in the latter (5. ursinus), but the lesser articular face is sepa-

rated from it by an even shorter concave interspace than in the opossum.

It has almost exactly the form of that of the latter animal. It is a short,

flat cone, with two faces presenting on the same side, the one part of the

concavity mentioned, the other flat and presenting away from it. This
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piece has a slight resemblance to the very peculiar head of the fibula in

the oppossum, but is not like that of Sfinophilus ursinyn. I, however,

think it much more probably the i)ro.\imal extremity of a marsupial bone.

A supposed cuntiform is subtransverse in position, and resembles in gen-

eral those of Oxycena and Esthonyx. It has the two large transverse prox-

imal facets, the anterior one-quarter wider than the posterior. The distal

facet (trapeziotrapezoidal) is simple. The naticulnr is much like that of

Oxyaiia forcipata, but is more robust. Its external tuberosity is flattened

anteroposteriorl}', and is produced proximally. The three distal facets

are well marked, the median a little wider than the external, while the

internal is subround, convex, and sublateral in position. The eiitocune'i-

form is a flat bone, with cup-shaped facet for the navicular, and narrow

facet for the first metatarsus. This facet is transverse transversely, and

concave anteroposteriorly. It shows (1), that there is a pollex; (2), that

it is probably small ; and (3), that it was not opposable to the other digits,

as is the case in the opossum. (4). It does not show whether the pollex

has an unguis or not.

Measurements No. 2. M.

Transverse width condyle of mandible 0230

Anteroposterior width condyle of mandible (at middle) .0103

T^. * 1, ^ f ..(transverse 0220
Diameters head of OS 7rtarst<2Jji^

.

I anteroposterior OOoS

Tx. ^ -f. r vertical 0075
Diameters cuneiform '

I anteroposterior Olio

f vertical in front 0085

Diameters navicular < transverse 0180
' anteroposterior {middle) 0110

f vertical at middle 0100

Diameters ectocunoi'form < anteroposterior (middle) . . .0140

'transverse distally 0060

Two other bones of specimen No. 2 I cannot positively determine. The

first resembles somewhat the trapezium of Sinxophihts ursinus, and -still

more that of Didelphys. I will figure it, as a description without identifi-

cation will be incomprehensible. The next bone is of very anomalous

form. It may be the magnum, which is the only unrecognized bone of

importance remaining, or it may be a large intermedium. It has no re-

semblance to the magnum of any mammal known to me. It was evi-

dently wedged between several bones, as it has eight articular facets.

Two are on one side ; the largest (convex and oval) is on one edge ; three

are on one end, and two, the least marked, are on the other flat side, oppo

site to the first.

Restonition. We can now read the nature of the primitive mammal
Mioclanns ferox, in so far as the materials above discussed permit. It was

a powerful flesh-eater, and probably an eater of other things than flesh. It

had a long tail and well-developed limbs. It had five toes all around, and

the great or first toe was not opposable to the others, and may have been
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rudimental.. The feet were plantigrade and the claws prehensile. The
fore feet were well turned outwards. There were iu all probability mar-

supial bones, but whether there was a pouch or not cannot be deter-

mined. These points, in connection with the absence of inflection of the

angle of the lower jaw, render it probable that the nearest living ally of

the Miodmnus ferox is the Thylacynus cynoccj^halus o? Tasmiiuia. The pres-

ence of a patella distinguishes it from Marsupials in general. Its den-

tition, glenoid cavity of the skull and other characters, place it near the

Arctocyonidm. Should the forms included in that family be found to pos-

sess marsupial bones, they must probably be removed from the Crcodonta

and placed in the Marsupialia.

This species is about the size of a sheep. The bones are stated by Mr.

Baldwin, who discovered it, to be derived from the red beds iu the upper

part of the Puerco series.

MiOCL.ENUS BUCCDLENTUS, Sp. nOV.

A part ot the right maxillary bone which supports three molars indi-

cates this species. The molars are P-m iv, M. i and M. ii. This series is

characterized by the remarkably small size of the fourth premolar, and

large size of the second true molar. The first true molar is intermediate.

The fourth premolar consists of an external cone and a much smaller in-

ternal one. There is a weak posterior basal cingulum. The reduced size

of the internal cone suggests the probability that the third premolar has

no internal cusp, and that there may be but three premolars. In either

case the species must be distinguished from Jlioclceiius.

The first and second true molais have conic well separated external

cusps, and a single pyramidal internal cusp. The intermediate tubercles

are distinct. There is a posterior cingulum which terminates interiorly in

a flat prominence. There is an anterior cingulum and a strong external

one, which form a prominence at the anterior external angle of the crown.

Enamel wrinkled.

Measurements of Superior Molars. M.

Length of bases of P-m. iv M. i and ii 0180

T4- ™ * -D • r anteroposterior 0040
Diameters P-m. w\ '

t transverse 0046

Diameters of M. i j
^"teroposterior 0060

•- transverse 0065

Diameter of M. ii [
anteroposterior 0070

t transverse 0085

MlOCL^NUS SUBTRIGONXJS CopC.

This species has been known hitherto* from a palate with three molars.

I am now able to give the characters of the inferior molar series, which
have been found, by Mr. Baldwin, associated with the true superior molars.

Of the latter it may be remarked that the second true molar is not so much

American Naturalist, 1881, 490-1.
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longer than the first as in M. hucculeutus, althouffli the differenre in size is

very evident. Tlie third is smaller than the first, and ovoid in outline, while

the first and second are siibquadrate. The external cusps are conic and

widely separated and the intermediate areas are distinct. There is a cingu-

lum all round the crown of the last two, and round that of the first except

at the inner side, and at the anteroexternal angle.

The last three inferior premolars are higher than long at the base, and

are compressed and the apex acute. The posterior edge of the third and

fourth is truncate, and simple. Each has a posterior cingulum which forms

a narrow heel on the fourth. No other cingula. Of the true molars

only the second is wanting. The form of these is like those of the M. ferox,

with the cusps more i)rominent. The first only has trace of the anterior

V ; in the others, the two anterior tubercles are opposite and connected by

a short anterior ledge. The heel of the first consists of a basin bounded by
these tubercles, of which the external is pjTamidal and largest. The
median posterior is small. The heel of the third is narrow and prominent,

and the internal lateral tubercle is represented by a short raised edge. The
enamel of all the molars is wrinkled, and the inner side of the premolars

is grooved with the height of the crown. A weak external cingulum on

M. iii.

3Ieasnrcments. M.

Length of last three superior molars 0265

Diameters ofM. i
anteroposterior OOCO

transverse 0060

DiametersofM.iiS^'^t^^^P"^^^""^
^^^^^

c transverse 0073

Diameters of M. iii |
anteroposterior 0047

t- transverse OOGO

Length of last inferior molars 0340

Length of last three premolars 0140

Length of P-m. iv 0050 .

Elevation of P-m. iv 0050

Diameters of M.i{^°t"'°P"^^^^^°^
^^'^^

( transverse 0042

Diameters of M. iii |
anteroposterior 0070

l transverse 0035

Rather larger than the pine weasel, Mustela americana.

MrOCL^ENTS CORRUGATUS, Sp. nOV.

This species is known from a right maxillary bone which contains the last

four molar teeth, with parts of pelvis and other bones of one individual.

This species is intermediate in size between the M. protorjonioides and
M. ferox, as the following measurements of the second superior true molar
show :

M. protogonioides. M. corrugatus. M ferox.

Diameter, transverse Oil .0118 .015

anteroposterior 008 .010 .013
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The superior molars are more nearly quadrate than in the other species

of the genus, owing to the better development of the posterior internal

tubercle, which is, however, as in the others, a mere thickening of the

posterior cingulum. It is wanting from tlie last superior molar. The
cusps on the true molars are as in the M. ferox, small, and not large and

closely placed as in 31. protogonioides. The intermediate ones are nearly

obsolete. The crowns are all entirely surrounded by a cingulum. The
entire enamel surfaces wrinkled so as to be rugose, although the teeth are

those of an adult and well used. The second superior molar is larger than

the first, exceeding it in the transverse rather than the fore-and-aft diame-

ter. The third is the smallest, and is of oval form with obliquely truncate

external face. It is less reduced than in the M. turgidua.

The fourth premolar consists of a strong compressed-conic cusp with

three basal cusps of small size, viz., an anterior, a posterior, and an in-

ternal. The last is the larger, though small, is formed like a heel, and is

connected with the others by a cingulum. No external cingulum.

Measurements. M.

Length of last four molars 036

Diameters P-m. iv {
a^^teroposterior 010

t. transverse 008

" M j
/ S'Oteroposterior 010

I transverse 010

" M 5i}
/ ^anteroposterior 008

I transverse Oil

From the Upper Puerco beds.

Pantolambda BATH5I0D0N Cope, American Naturalist, 1883, p. 418.

In describing this genus and species, I remarked, loc. cit., that they

were "founded on a mandibular ramus, which supports the first true

molar, and the last two premolars. The characters of these teeth remark-

ably resemble those of Coryphodon. * * * It will be for additional

material to demonstrate whether this genus belongs to the Amhlypoda or

Perissodactyla."

A considerable part of the skeleton of this species having been recently

sent me by Mr. D. Baldwin, I am able to throw much light on the affini-

ties of this curious genus.

In the first place, the phalanges (not ungual), show that the genus is

ungulate. Secondly, the astragalus has a large distal facet for the cuboid

bone. This proves that the genus cannot be referred to the Taxeopod

order. The question as to whether it belongs to the Amhlypoda or the

Diplarthra would be decided by the carpus, but that part is unfortunately

not preserved, and I have to rely on empirical indications for a provisional

determination. Apart from the astragalus, the characters are those of the

Co/idylarthra rather than of the Perissodactyla, and it is therefore to be

supposed that the carpus has also the characters of that order. This would
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pliice the genus in the Bin(<xlon(n, which has the carpus nearly that of the

Tuxeopodii, and the tarsus of the Dlplarthra,. The points of resemblance

to the Condylarthra are the following : The ilium is narrow. The humerus

.has an epitrochlear canal. The superior molar teeth have but one internal

loI)e. Tlie resemblances to the Pantodonta are these : The cervical ver-

tebme are plane and short. Tiie femur has a third trochanter. Tlie pre-

maxillary bone in dentigerous. The astragalar trochlea is as in the

Ptripti/c/ihlm, and the Probosddia ; that is without groove, and slightly

convex anteroposteriorly, thus differing from that of the Pantodonta. The
dentition is especially like that of the Amhhipod(t in general, and that of

the superior series is unlike anything known in the Dlplarthru.

I propose to place this genus in the Amblypoda for the present, next to

the Pantodonta, but it cannot enter that sub-order on account of the form

of its astragalus. The sub-orders oi Amblypoda will be defined as follows :

Astragalus with a head distinct from trochlea, with distal ar-

ticular facets Talirjrada.

Astragalus without head ; distal facets subinferior Pantodonta.

In the sub-order Taligrada, the single family Pantolambdidce presents the

following characters :

Superior and inferior molars with the cusps developed into Vs. Post-

glenoid process present
;
postympanic and paroccipital not distinct. All

the vertebrae with plain articulations. Humeral condyles without inter-

trochlear ridge. Femur with third trochanter. Digits of posterior foot

probably five. Metapodial keels small and posterior.

Of this family Pantolambda is as yet the only known genus. Its leading

characters are as follows :

Canine teeth distinct ; dental series continuous. Superior molars all

triangular, that is with a single internal cusp. External cusps of premo-

lars unknown ; of molars two. Internal cusp V-shaped, sending its horns

externally as cingula to the anterior and posterior bases of the external

side of the crown, without intermediate tubercles. Inferior true molars

with a crown of two Vs, the anterior the more elevated. Premolars con-

sisting of one open V, with a short crest on a short heel, as in Coryphodon.

Dental formula I-f ; C. { ; P-m. l^ ; M. f ; the last inferior with a heel.

A strong sagittal crest. Auricular meatus widel}' open below. Large

postparietal, postsquamosal and mastoid foramina.

Cervical vertebra? rather short ; other vertebme moderate, the lumbars

not elongate. A large tail. Humerus with large internal epicondyle.

Femur with all the trochanters large. Ilium with the anterior inferior

spine well developed. Metacarpals short, plantigrade. Phalanges of second

series flat, andof subquadrate outline. The astragalus has a Avidehead, but

no neck, as it is not separated from the tochlear portion by a constriction.

It is as wide as the trochlear portion, but about one -third of its length ex-

tends within the line of the malleolar face of the trochlear portion. The
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navicular face is flat, that of the cuboid bone is convex vertically, and one-

half as long horizontally as the navicular, and only half as deep. These

two facets are continuous with the sustentacular below. Interior to

all of these, on the internal tuberosity of the head is a sub-round facet look-

ing inwards, like that characteristic of the genus Baihtnodon, but rela-

tively larger. A continuous facet is seen on the adjacent edge of the

navicular. The use of these facets is unknown.

The brain case indicates small and nearly smooth hemispheres, extend-

ing with little contraction into a rather large cerebellum. The olfactory

lobes are produced anteriorly at the extremity of a rather long isthmus.

If we consider the dentition alone, Paiitolambda is the ancestor of the

Corypliodontidce. The history of the feet requires further elucidation.

Tlie Pantolambda bathmodoii is about as large as a sheep.

From the upper beds of the Puerco.

MixODECTES PUNGEXS, gen. et sp. nov.

C7iar. Qen.—The position of this genus is uncertain, but may be near to

Cynodontomyg Cope, which I have provisionally placed among the Pro-

simite*. It is onlj' known from mandibles, which have presumably the

following 'dental formula. I. ; C. 1 ; P-m. 4 ; M. 3. An uncertainty

exists as to the proper names of the anterior teeth, which cannot be de-

cided until the discovery of the superior series. For instance the formula

may be ; I. 1 ; C. 1 ; P-m. 3.

The supposed canine is a large tooth, issuing from the ramus at the

symphysis like a rodent incisor, and has an oval section, with long dia-

meter parallel to the symphysis. Tlie crown is lost from all the speci-

mens. The second tooth is similar in form to the first, but is much
smaller. It is situated posterior and external to the first. The next tooth

is still smaller and is one-rooted. The third and fourth premolars have

simple conic crowns, and more or less developed heels without cusps. The

true molars are in general like those of Pelycodus ; i. e., with an anterior

smaller, and a posterior triangle or V. The supplementary anterior inner

cusp is quite small, while the principal anterior inner is elevated. The
posterior inner is much more elevated than in the species of Pelycodus.

Last inferior molar with a fifth lobe.

This genus cannot be referred to its place without additional material,

but the parts discovered indicate it to be between Pelycodus and Cynodon-

tomys ; either in the Mesodonta or the Prosimice. I may here remark that

in defining the latter genus I was in doubt as to the number of the inferior

premolars. The discovery of the present genus renders it probable that it

has three such teeth, and that the anterior two are each one-rooted.

Char. Specif. The mandible of the Mixodectes pungens is about the size

of that of the mink. Its inferior outline is straight to below the second

premolar, whence it rises upwards and forwards like that of a rodent.

The anterior masseteric ridge is very prominent, but terminates below the

» Paleontologlcal Bulletin Xo, 34, p. 151.
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niitUlle of the ramus. Inferior masseteric ridge much less pronounced.

The inferior part of tlie ramus is robust below the base of the coronold

process, but there is no indication of recurvature of tlie edge. Mental

foramina two ; one below the front of the first true molar, and one below

the second premolar.

The oval base of the canine is not flattened on either side; that of the

second tooth is flattened on the inner side. There is a great difference be-

tween the sizes of the last three premolars. The fourth is twice as large

as the third, and the second, judging from the space and the size of its al-

veolus, w^as much smaller than the third, and the crown was probably a

simple acute cone. The crown of the third is of tliat form, with the addi-

tion of a short heel. The long axis of the base of the crown is diagonal to

that of the jaw. The fourth premolar has a relatively larger heel than the

third, but it is shorter than the diameter of the base of the cusp. Its pos-

terior edge is elevated. The cusps ot the anterior pair of the true molars

are elevated, but the interior is the most so. The supplementary one is

not exactly in the line of the interior border of the crown. Each of the

inner cusps are connected with the base of the external by a ridge, which

together form a V. The posterior base is nearly surrounded by a raised

edge, which rises into cusps at the posterior lateral angles. Of these the

internal is the more prominent. The edge connecting these cusps is slightly

convex backwards, and evidently bears a part in mastication. The lateral

borders of the last molar are somewhat expanded, and the fifth lobe is very

short. Xo cingula on any of the teeth.

Measurements. M.

Length of dental series from " canine" exclusive 0265
" true molar series 0140

r longtitudinal 0(J40
Diameters " canine'

| transverse 00:30

Long diameter of base of "P-m. i" 0028
" " " P. mil 0017

DiametersP-m. iv / ^"^i^^ ^055

•• anteroposterior 0050

Diamet.ersM. ii
/transverse... 0038

(anteroposterior 0050

Length of crown of M. ill OOGO

Depth of ramus at P m. ill 0090

M. ill 0100

MiXODECTES CRASSIUSCULUS, Sp. nOV.

This mammal is represented by fragments of two mandibles from diffier-

ent individuals ; one less and the other more worn b}' mastication. The
species differs from the last in its greater size, and in the relatively greater

length of the last inferior molar. The length of the posterior four molars

of the M. punyenn equals that of the three true molars of the J/, craaiua-
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cuius; and tlielast true molar of the latter is half as long again as the pen-

ultimate, while in M. pungens it exceeds it but little.

The best preserved true molar is the second. Its most elevated cusps

are the anterior and posterior inner, of which the anterior is subconic and
more elevated. The anterior external cusp is crescentic in section, and

sends crests to the supplementary, anterior, inner and the posterior anter-

ior inner, both of which descend inwards. The posterior crest reaches the

posterior base of the anterior inner cusp.

The posterior external cusp is an elevated angle, sending crests forward

and backwards. Tlie former reaches the base of the anterior external

cusp (not reaching the inner), while the latter passes round the posterior

edge of the crown. As in M. pungens, it is convex posteriorly, and rises

to the posterior internal cusp. In both species its appearance indicates that

it performs an important masticatory function in connection with the su-

perior molar. No cingula.

Measurements. M.

Length of bases of M. ii and iii
; (No. 2) 0125

base of M. iii
;
(No. 2) 0070

TV- • i TIT •• /XT ^\ c anteropoPsterior . .. .0056
Diameters crown M. ii

;
(No. 1) \

^

^transverse 0050

Depth of ramus at M. ii
;
(No. 1) 0100

Periptychus carinidens Cope.

Additional specimens of this species demonstrate that the last inferior

molar has a ditlerent form from that of the P. rhabdodon. While of the

same length, it is narrower throughout, conformably with the smaller size

of all the other molar teeth.

Phenacodus calceolatus, sp. nov.

This species is founded on fragments of the skull and limbs, with teeth,

of a single individual. The teeth consist of two superior and four inferior

molars of one side, and a smaller number of those of the opposite side.

The teeth are of the size of those of the Phenacodus piiercensis, and like

that species, there is no median external cingular cusp of the superior

molars. In these teeth the external basal cingulum is weak, but there is

a strong anterior cingulum, distinct from any of the cusps. No internal

cingulum. External cusps conical, well separated ; intermediate cusps

rather large ; internal cusps rather large, close together, but deeply sepa-

rated. The last superior molar is reduced in size. It has well developed

anterior and posterior cingula, a weak external, and no internal cingula.

The intermediate tubercles are rather large, and there is one large in-

ternal tubercle.

The heel of the last inferior molar is short, wide and rounded. The
posterior tubercle is but little behind, opposite the posterior internal tu-

bercle. The latter is separated from the anterior inner by a deep fissure,

while the opposite side of the crown is occupied by a large median exter-
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nal cusp, Tchich has a semicircular section. Tlie large anterior cusps are

confluent on wearing. No anterior cingulum in the worn crown. The

crowns of tlie first and second true molars of the specimen are rather worn.

Tliey show that tlie posterior median tubercle is very indistinct and prob-

ably absent. The bases of the smaller inner cusps are round, and on wear-

ing unite with the larger external cusps. Of the latter the posterior is the

larger. Anterior cingulum rudiniental or wanting. No lateral or pos-

terior cingula. The principal peculiarity of the lower dentition of this

species and the one from which it is named, is the form of the third or

fourth (probably third) premolars, both of which are preserved. They

have a compressed apex, which descends steeply to the anterior base, with-

out basal or lateral tubercle. The base of the crown spr?ads out laterally

behind, and is broadly rounded at the posterior margin, so as to resemble

the toe of a wide and moccasined foot. It is depressed, the surface rising to

the apex from a flat base.

Measurements. M.

Diameters of second superior molar
\ ?°'„\Xe"".''.''; ! MW

Diameters of las. superior molar
J >«\3t*:; ; ; ; ; S

Length of inferior true molars 0258

Diameters of M. ii \
anteroposterior 009

( transverse 008

-Ti- .^. ^f -KT ••• f anteroiwsterioi* 0085
Diameters of M. m . ' nnao

{^ transverse 0068

T,- „ i f4i -o ~ ...(anteroposterior 008
Diameters of the P-m. lu

{ transverse 005

About the size of the P. puercensis.

Note ox the Mammalia of the Pcerco and the Origin of the
QUADRiTruEucuLATE SUPERIOR MoLAii.—It is HOW apparent that the type

of superior molar tooth which predominated during the Puerco epoch

was triangular ; that is, with two external, and one internal tubercles.

Thus of forty-one species of Mammalia of which the superior molars are

known, all but four have three tubercles of the crown, and of these thirty-

eight triangular ones we may except those of three species of PertptycJtus,

which have a small supplementary lobe on each side of the median prin-

cipal inner tubercle.

This fact is important as indicating the mode of development of the

various types of superior molar teeth, on which we have not heretofore

liad clear light. In the first place, this type of molar exists to-day only in

the insectivorous and carnivorous Mai-supiaiia ; in the Insectivora, and the

tubercular molars of such Carnivora as po.ssessthem (excepting the planti-

grades). In the Ungulates the only traces of it are to be found in the

molars of the Coryphodoniida of the Wasatch, and Dinocerata of the
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Bridger Eocenes. In later epochs it is chiefly seen only in the last supe-

rior molar.

It is also evident that the quadritubercular molar is derived from the

tritubercular by the addition of a lobe of the inner part of a cingulum of

the posterior base of the crown. Transitional states are seen in some of

the Periptychidm {Anisonchus) and in the sectorials of the Procyonidm.

On the Brains of the Eocene Mammalia Phenacodus and PeripiycJms. By

E. D. Cope.

{Read before the American Philosophical Society, December 15, 18SS.)

PHENACODUS PRIM^VUS Cope.

A cast of the cranial cavity gives the following as the general characters

of the brain. The cerebal hemispheres are remarkably small, each one

being less by one-quarter than the cerebellum. They are separated from

the latter and from the large olfactory lobes by strong constrictions. The
posterior one is occupied by a thick tentorium. In like manner a wide

groove for a robust falx separates the hemispheres above, a notch repre-

sents the sylvian fissure, and the lobus hippocampi is quite large. The
vermis of the cerebellum is quite distinct, and the lateral lobes are large.

They are impressed laterally by the petrous bones as in various ruminants.

The anterior columns of the medulla are not visible. There are traces of

the convolutions on their hemispheres.

The brain displays the following more special features. The olfactory

lobes are as wide as long, and they diverge, having two external sides.

In section they are triangular, presenting an angle downwards. The
hemispheres are depressed, and wider posteriorly. They are well sepa-

rated from each other and from the cerebellum ; so much so that it is

quite probable that the copora quadrigemina are exposed. Their outlines

are however not distinguishable on the flat surface which connects the

hemispheres posteriorly. No further indication of sylvian fissure can be

seen in the cast beyond an entering angle defining the lobus hippocampi

anteriorly. The latter is prominent externally, and less so downwards.

There are distinct indications of convolutions. There are three on each

side above the sylvian convolution, and a fourth extends from the sylvian

upwards and posteriorly below the posterior part of the third or external

convolution. The sulci separating the convolutions are very shallow.

The internal and external convolutions unite anteriorly, passing round the

extremity of the median convolution. The space between this gyrus and

the base of the olfactory lobe is only three millimeters.

PROC. AMER. PHILOS. 80C. XX. 113. 3S. PRINTED MARCH 16, 1883.
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The cerebellum is larger than a single hemisphere. Its superior surface

is somewhat flattened, and descends forwards ; the lateral boundary of

this face is a projecting edge which rises behind to an angle of the vermis.

The posterior face is shorter than the superior, and is vertical. It is sepa-

rated by a space Irom a very prominent lateral convolution, while the

region of the flocculus is concave from the internal form of the ascending

portion of the petrous bone. This concavity is open anteriorly. The

base of the fifth pair of nerves is below its apex, and that of the sixth

below the inferior extremity of the lateral convolution. The section of the

medulla oblongata is a transverse oval ; its inferior face and that of the

pons varolii, smooth. A deep fossa just anterior to the bases of the optic

nerves.

Measurements of brain. M.

Length from vermis to olfactory lobes inclusive 070
" of olfactory lobes from above 015

" of hemispheres, from above 030
" of cerebellum from above 024

Depth of olfactory lobe 010

" of hemisphere 023

" of cerebellum and medulla 026

" of medulla at vermis 015

"Width of olfactory lobes at middle 030

" of hemispheres in front 044

behind 044

" of cerebellum 036

" medulla at vermis 020

PERIPTYCHUS RHABDODON Cope.

I have obtained a cast of the top and sides of the cerebral hemispheres,

and the proximal portion of the olfactory lobes, from a skull of a Ptriptychus

in which the teeth are preserved, and prove the species to be the P. rhab-

dodon. The olfactory lobes are enormous, and the hemispheres small and
very flat. The mesencephalon is entirely exposed. The cerebral hemispheres

are ver\' flat, and are only difi'erentiated from the olfactory lobes, by a

moderate contraction and depression, which forms the peduncle of the

latter. Only the proximal part of the olfactory lobes is preserved, but this

expands so as to be only a little narrower than the hemispheres. The
peduncle has a ridge on the median line, and a shallow fossa on each side

of it. The lateral outlines of the hemispheres diverge, and the widest part

is posterior. There is no indication of sylvian fissure. The transverse sec-

tion of the hemispheres would be a flat arch, but for the presence of a

longitudinal oval protuberance on each of them, which do not quite touch

the median line, and which have definite boundaries. If their limits

determine the size of the cerebral hemispheres, then the latter are wider
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than long, but they probably pass gradually into the mesencephalon be-

hind them. These bodies remind one of the corpora olivaeformia, and

may represent the superior or median frontal convolutions. They are

probably, however, not to be homologized with any convolutions, repre-

senting rather the cerebral vault of the lateral ventricle. Posterior to

them the flat surface descends gently without indication of copora quadri-

gemina or other irregularity, and at a distance about equal to the length

of the oval bodies, it begins to rise gently. The cranium is broken here,

and no cast of the cerebellum was obtained.

I may remark that the cranium from which this cast is taken is not

crushed, and that it consists of parts of the parietal and squamosal bones

only. The latter remain as far as the incurvature to the pterygoid pro-

cesses in front of the glenoid cavity.

Measurements of brain. M.

Length from posterior rise to base of olfactory lobes 037

Length of oval bodies of hemispheres 018

Width of proximal part of olfactory lobes 027

"Width of olfactory peduncles 021

Length from olfactory lobes to oval bodies of hemis-

pheres 005

Diameter of hemispheres at posterior part of oval bodies. .038

Depth from sagittal crest to olfactory lobes 024

EXPLANATION OF PLATES.

Plate I.

Casts of the brain case of Phenacodus primoEDUS Cope, natural size.

Fig. 1. Lateral view.

Fig. 3. Superior view.

Fig. 3. Anterior view.

Fig. 4. Posterior view.

Plate IL

Fig. 1. Brain of Phenacodus primcsiius, inferior view.

Fig. 2. Cast of brain case of Periptychus rhabdodon, superior view.

Fig. 3. Cast of brain case of Periptyclms rhabdodon, lateral view.
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Photodynamic Notes, VTI. By Pliny Earle Chase, LL.D.

(Jtead before the American Philosophical Society, January 19, 1883.)

302. Combined Cometary Harmonies.

In Xote 291, I showed that the primitive phyllotactic wave-tendencies

in the spectrum of Comet "Wells, were modified by linear oscillations, and

also bj" two seemingly independent harmonic progressions. One of the

arithmetical progressions which formed the harmonic divisors had a miss-

ing term, 1 + 6, for which Huggins observed no corresponding line. Upon
further examination, I find that the completion of the harmony, bj^ insert-

ing the provisional wave length. ySj = a -^ (1 -|- &) = 4583.4, furnishes

a phyllotactic bond between the two observed harmonic progressions. For

4583.2 = ^ -[- i (^?-^), and ,3i
represents a projectile locus of rotary oscil}a-

tion between ^3 and y ^toreover, the locus of the center of rotary oscilla-

tion, f (y3-^) = 50. 8, helps to determine phyllotaetically the value of a,

since f (a-,9) = 50.625.

303. Telephonic Analogy.

The telephone shows the influence of harmonic oscillations in successive

media of different elasticity, and it may perhaps furnish suggestions which

will prove useful in investigating the persistence of solar energj'. The
atmospheric sound-waves strike .the diaphragm, exciting metallic sound-

waves ; these, in the mechanical telephone, are transmitted through the

wire to the receiving diaphragm, where they excite new atmospheric

sound-waves, which awaken audible sound-waves in the tympanum of the

listener. In the electric telephone, the metallic sound-waves modulate

the electric waves, which are forwarded with much greater speed than the

ordinarj^ metallic waves, affecting the air in the receiver and the ear of the

hearer in the same way as in the mechanical telephone. In a communication

to the American Philosophical Society, March 21, 1873 {Proc.,, xiii, 149-54),

I pointed out harmonies of light and sound, which, with the identity of

Xote 280, account for these successive transformations. Berthelot's ex-

plosive waves, (Notes 276, 278) must similarly produce luminous and
electrical waves in Sun's atmosphere, and thus contribute towards the

maintenance of solar radiant energy.

304. Amount of Solar Thermal Radiation.

A. Ritter, {Wied. Annalen, 1882, No. 10), estimates the solar radiation

at 14,000 calories per square metre per second. This is equivalent to

3976100 foot-pounds per square foot. If the Sun were surrounded with an
atmosphere like our own, but of superficial density proportional to the

gravitating pressure, the pressure would be about 420 pounds per square

foot. Tiie radiation, therefore, would be suflicient to maintain a constant

circulation of the entire atmosphere, at the rate of 9467 feet per second,

which is but little more than half as great as the exjilosive velocity of
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HjO (Note 298), about 1,56 times tlie molecular velocity of hydrogen, and.

about f of the equatorial velocity of Sun's rotation. All of these relations

are of an order of magnitude which tends to confirm the belief that solar

radiation and gravitating circulation represent equal actions and reactions,

and that dissociation and recombination within Sun's photosphere may
maintain luminous, thermal, and actinic gethereal oscillations.

305. Cometary Fugues.

The spectral harmonies in Comet Wells (Notes 295, 302), as well as the

planetary harmonies on which I based some of my successful predictions,

(Notes 33, 133, 261, etc.), are of the nature of fugues, or harmonies which

follow each other at certain intervals which are determined by rhythmic

laws. The principle of the fugues being susceptible of indefinite exten-

sion in two directions, it is not strange that even the stars should bear

witness to it (Notes 24, 46, 85, 111-5, 130-2, 154-5, 168, 262). Among the

intra-modular positions which have verified my anticipations, two (Note

32) are known to be cometary; two I'epresent the places of brilliant bodies

which were seen by Watson and Swift, during the total solar eclipse of

1868, but which, having been seen bj-- no subsequent observer, may also

have been cometary; two were deduced from a comparison of planet-like

shadows ci'ossing Sun's surface, and one from sun-spots of various forms,

which have a harmonic period ; seven indicate periods which are in strict

harmonic accordance with motions of our stellar system's chief centres, of

nucleation (Sun), of condensation (Earth), and of nebulosity (Jupiter).

All the indications seem somewhat likely to be cometary, rather than

planetary, and thus confirmatory of Herschel's theory of nebular "sub-

sidence." As the statements of these confirmations of cosmical harmonic

motion are scattered among various papers, I collect them here, in order

to show, at a glance, the character of the various accordances.

Harmonic.
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The seven loci which represent harmonies of nuclcation, condensation

and nebulosity, illustrate the tendency of waves in elastic media to main-

tain and propagate motions which are harmonically dependent upon their

loci of origination.

306. Velocity of Incandescence.

Draper found that all solid bodies become incandescent at the same

temperature, reaching red heat at 977^ F., or at the absolute temper-

ature of 1436^.4 F. This indicates a lift, against earth's superficial

gravitation, of h = 1436.4 x 7"3 = 1,108,901, or a velocity of t = v''%A

= 843.5.9 feet per second. The mean velocity of hydrogen molecules is

6050 feet, which is .717 X 8435.9 feet. The velocity of incandescence is.

therefore, within 1^ per cent, of the parabolic orbital velocity which would

correspond to a circular orbital velocity equivalent to the molecular

velocity of hydrogen, (6050 X \/2 = 8556). In other words, if the mean

velocity of hydrogen, at the standard temperature, is a mean orbital

velocity, its increase to a velocity of infinite projection would give the

velocity of incandescence, or the velocity which creates aetliereal disturb-

ances of sufficient magnitude to cause luminous radiations. These dis-

turbances are of the same order of magnitude as those which are indicated

in Note 304, and they furnish new reasons for believing that the hypoth-

eses ot Siemens and Berthelot (Xote 278) may suffice to account for the

•conservation of energy which is indicated by the fundamental equality,

«^=p.=P ,
(Note 280).

307. Tails of Comets.

Proctor {Contemp. Rev., Oct. 1883) states some of the chief difficulties

attending the attempts which have been made to explain the formation of

comets' tails, by materials thrown off from the nucleus by solar repulsion,

by actinic clouds, by tactic arrangement, or by electricity, and speaks of

certain phenomena "which force upon us the belief that they are phe-

nomena of repulsion, though the repulsive action is of a kind not yet

known to physicists." He inclines, with Huggins, and "an American

astronomer" whose name is not given, to attach great importance to

electric action or something of a similar nature. He cites the notice by
Huggins, of the remarkable persistence of meteoric trains in the rare

upper atmosphere, where they sometimes last for more than three-quarters

of an hour. The evidences of repellent action such as might be explained

by electricity, of gravitating re-action, of luminous radiation from the sun

in the direction of the axis of the tail, and of a general curvature of the

extremity of the tail as if it were retarded in some way, are such as to

need consideration in any attempts at explanation. All of these phenom-
ena, except the one last named, may be correlated by the fundamental

equality of Note 280. The curvature of the tails may be due to persistence

of oscillation, combined with aethereal tendencies to orbital motion in

times varying as r\. The extreme tenuity of cometary matter points to a
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relative elasticity which is much greater than that of air, and which must,

therefore, be peculiarly subject to harmonic oscillations; the waves of

light, like auroral flashes, which have often been seen in the tails, point

to electric, phosphorescent, and luminous rhythms; the frequent inter-

changes between the tail and the nucleus, as well as the rupturing ex-

plosions and the formation of nucleoli, must be subject to the laws of

phjilotactic and gravitating rhythm; if the aether is material, it must be

influenced by rotational and orbital tendencies, even if its elasticity is so

great as to prevent actual orbital motion, and hence the "actinic shadows"

may be curved.

308. Other Cometary Considerations.

Phyllotactic distribution in organic growth, in frost tracery and other

forms of crystallization, and in satellite or planetary groupings, points to

a continuance of tendency, over periods which are proportional to the

resistance interposed by the inertia of the particles or masses which

partake of the distribution. When the inertia is very small, as in the

sethereal interferences to which spectral lines are attributed, the adapta-

tion to requirements of "extreme and mean ratio" may be nearly or

quite instantaneous. "We may, therefore, reasonably look for evidences of

adaptation, such as are shown in Notes 295, 302 and 305, as well as for

various modifications by other forms or kinds of harmonic tendency.

Refraction of energy (Note 286), and Draper's "latent light," may also

contribute to the curvature of tails, in a medium which is perhaps more

tenuous than the "fourth form of matter, " and which imparts sympathetic

vibrations to the adjacent aether.

309. Effects of Cometary Eccentricity.

The tendencies to sethereal rotation and revolution about stellar centres

may, perhaps, be so adjusted to other oscillatory tendencies as to oppose

little or no resistance to planetary motions in orbits of small eccentricity.

Most of the cometary orbits, however, are so eccentric that their vis viva,

at every stage of their journey, is nearly twice as great as it would be if

their paths were circular. Such amount of living force is more than

suflicient, whenever there is any appreciable resistance, to produce and

maintain luminous and thermal phenomena, of the same kind as occur in

the explosive combinations of gases. The orbital energy may be resolved

into two rectangular components, one of which passes through the sun,

while the other is tangential to the path of the revolving aether. The
latter may adapt itself so readily to the aethereal vortices as to make no

disturbance; the former being perpendicular to the sethereal track, must

encounter a continual resistance and retardation, unless it is compensated

by luminous, electric, gravitating, or other kinetic undulations.

310. Eccentricity at Mean Centre of Inertia.

The fundamental identity (Note 280) represents a uniform velocity, and

we may, therefore, look for evidences of primitive photodynamic influence
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in the uniform velocities of important cosmical centres. One of these

evidences is found in the proportion,

In tliis proportion, t^^, is the orbital time at the chief centre of condensa-

tion (Earth); '«• ^^'° orbital time at the centre of primitive nebulosity (Ju-

piter) ; T the time in which a photodynamic wave would traverse the

secular eccentricity at the primitive centre of planetary inertia (Saturn);

2\ the time in which the wave would traverse Saturn's semi-axis major.

The accordance is shown by substituting the values, which give the

proportion,

365.2564 : 4332.5848 : : .08431 : 1

Stockwell's estimate of Saturn's secular excentricity is .08433. T^ and T^

also represent the comparative living forces which would project a planet,

against uniform resistance, through the distances traversed by the respec-

tive photodynamic waves.

311. Harmonies of Terrestrial Acceleration.

The cyclic oscillations at the chief centres of condensation and nebulosity

would tend to produce corresponding accelerations through the action of

central forces. An important harmony, which introduces the vis viva of

acceleration, is shown in the proportion,

< • ^\ K (t. + i^) t^-

In this proportion, a^ is the rotary acceleration which Earth has under-

gone according to the nebular hypothesis; a^, the acceleration according

to Herschel's theory of "subsidence; " t^ and ta have the same. values as

in the foregoing note. The value of a^ is f 366.2564 h- 2-v'- V' = 338.22;

n __ 86164 1 sec -=- 2--*/- ^= 16.983. Substituting these values we get
^ •

• • "\^
338.22=' : 16.983^ : : 396.62 : 1

396.63 : 366.2564 : : 1.0829 : 1

t^ + t^ : tg : : 1.0843 : 1

This harmony furnishes additional grounds for rejecting Delaunay's

hypothesis of terrestrial retardation by tidal friction.

312. Earth's Accelerated Rotation.

I have already referred to the inconsistencj' of Delaunay's views with

the nebular hypothesis. According to the form of that hypothesis which

was taught by Laplace, at the time of nebular rupture the day and year

should have been sychronous. In order to establish such sychronlsm at

the present time. Earth's radius would need to be expanded (|/366.2565

:= 19.138) times, and Laplace's terrestrial limit would be

(l year-H2-\^Vr, or 338.218;-.
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This represents a comparative acceleration of the velocity of rotation

which may be very closely represented by the quotient of (Jupiter's year

X Earth's year) by (the sum of Jupiter's and Earth's years X Earth's

day), or by 4332.5848213 X 365.25G3582 -- (4332.5848212 + 365.2563582)

= 336.858. As this equation introduces considerations of the chief cen-

tres of nucleatiou, nebulosity and condensation which must still be effi-

cient, it furnishes another reason for caution in dogmatizing about tidal

friction and thermodynamic laws.

313. Joint Relations of Sun, Jupiter, Earth and Venus.

A succession of important harmonic motions is shown in the relations

of solar mass and density, which make gj^ = v^; the relation of Sun's

mass to Jupiter's mass which makes Sun's surface the projectile locus, or

secular perihelion centre of gravity, of Sun and Jupiter; the relations of

terrestrial mass and density which make g.J:i = circular orbital velocity

at the mean centre of gravity of Sun and Jupiter; and the relation of

Venus to Earth which makes the incipient orbital vis vioa of Venus (at

secular aphelion) equal to Earth's mean orbital vis viva. If we adopt the

British Nautical Almanac estimate of Sun's apparent semi-diameter

(961. "88), the accordance of harmonic and computed values will be as

follows:
Harmonic.

Sun -- Venus 427326
" " Earth 830463
" " Jupiter 1047.879

Earth's semi-axis major, 92,661,600.

314. Joint Relations of Sun, Jupiter, Earth and Saturn.

Alexander's harmony (Wjd^^ == Wg^e") is rendered more significant by

Saturn's orbital situation at the nebular centre of planetary inertia,

(I md^ -i- I w)2 == pg. The slight deviation from exact accordance is

very nearly, if not precisely compensated by the equation. Sun X Earth

X Saturn == Jupitei-^. Alexander's approximation gives, m^ = 3522.

38 ?«5; the other approximation gives, according to the foregoing note,

OTg = 3481.86; the arithmetical mean being uIq = 3502.1, which

differs by less than j^q of one per cent, from Bessel's estimate. If

p-^, pe represent Stockwell's estimates of the mean perihelia of Jupiter

and Saturn, Bessel's estimates of their respective masses, and the equation

(Sun -H Jupiter) x (Earth -h- Jupiter) = (p^ -r- p^)^, give m„ -f- mj =
330240. The harmonic accordances which were given in Note 310 cor-

roborate these evidences of joint relations, and encourage a search for

modifications by combined harmonies in other cases.

315. Photodynamic Relations of Uranus and Neptune.

The increasing number of harmonic influences wuth increasing distance

from Sun, was illustrated in my Relations of Mass, {Proc. A. P. S., xviii,

PROC. AMER. PHILOS. SOC. XX. 113. 3t. PIUNTKD MARCH 12, 1883.

Computed.
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231), and in Xote loG. A connection in which the harmonies of luminous

unduhition are more directly shown, gives the following relations:

m^ : m^ : : ^^^ : |/^~

p-i^ Pi : \ year : 1 day

??i- : TWg : : ^7 : O7

StockweH's estimates of p^ and a-, (secular perihelion and secular

aphelion of Uranus) are 17.687929 and 20.6792)33. The closeness of

harmonic accordance is shown in the following comparison, in which

I have used Struve's constant of aberration and the estimates of Note
313.

Velocity of light .43073r„ .43077r„ Struve.

Semi-axis major of Uranus 19.184^3 19.138/)3 Stockwell

Sun -^ Uranus 22592 22600 ±: 100 Newcomb.
" " Neptune 19324 19380 d= 70 Xewcomb.

The division of the outer planetary belt is, therefore, such that the

aphelion mass is in accordance with aphelion influence at the inner portion

of the belt, while the perihelion mass is in accordance with perihelion

influence. The further considerations of Note 156 add to the interest of

this relationship.

316. Joint Relations of San, Earth, Venus and Moon.

The three foregoing notes seem to show that the harmonic influence of

the chief centre of condensation (Earth) upon planetary masses, has been

greater than that of the centre of nebulosity (Jupiter). "We may, there-

fore, naturally look for additional illustrations of terrestrial influence with-

in the dense belt, such as are given in Notes 8, 85, 156, 246-7, 254-6, 313.

The estimate of /j., in Note 246, would become 1 -=- 81.08 if we adopt the

value of ^3, which is given in Note 313. This value, if substituted in Note

8, would give 4.952 miles for the height of Earth's homogeneous atmos-

phere, through the proportion

r' X 81.08 : 1 : : r3 : .0012496?-3 : : 3962.8 : 4.952

The harmonies of Note 85 may well be studied in this connection.

Stockwell's value for the secular perigee ofYen us is .9322648/J3 —.7744234/;^

= .1578414 p, = 14,625,840 miles = 1.0252 X (3 X 4 X 5) ^ x 3962.8

miles. The solar modulus of light, according to the same estimates, is

2213.37/,, = 1.00073 X 4 x (3 X 4 X 5)^3.

317. The Notember Meteors.

The relations which were pointed out in Note 315 may be supplemented
by cometary indications of a character somewhat like those which led

Forbes to his deduction of two supra-Neptunian loci (Notes 32, 305). The
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secular aplielion of Uranus, or its locus of incipient subsidence (20.G79233),

represents a cometary major axis with a period of 33.2473 j^ears. The

period of the great "star-shower" of November 1833 and 18G6 has been

computed at "about 33.25 years." A similar cometar}' major axis

(20.7072688), with a period of 33.315 years, would exactly represent, by

its apsidal loci, the mean positions of Mars and Uranus. The special

photodynamic indications of the first equation in Note 315, may be fairly

presumed to have exerted an influence on each side of the central track,

•which would be sufficient to account for all ot the approximations that

have been indicated.

318. . Geological Time.

Dr. Haughton {Am. Journ. Sci., Nov. 1882) read before the American

Association, in August, 1882, some "New views of Mr. George H.

Darwin's Theorj' of the Evolution of the Earth-3Ioon System, considered

as to its bearing on the question of the duration of Geological time." He
cites Sir William Thomson's views as to the present rigidity of the earth,

the probability that Saturn's rings consist of swarms of discrete meteoric

stones, the low specific gravity of the outer planets, the recent researches

connecting the periodic swarms of shooting stars wath comets, Huggins's

comparisons of the spectroscopic appearances of comets and incandescent

portions of meteoric stones, and Prof. H. A. Newton's hypothesis that the

asteroids maybe extinct comets, to justify the position " that the earth

and moon when they separated from the solar nebula, did so as a swarm

of solid meteoric stones, each of them having the temperature of inter-

stellar space." He then shows that the meteoric problem resembles the

hydrodynamical problem, giving equations "in all respects similar to

those derived by Mr. Darwin, from the hypothesis of a viscous earth"

and placing "a cool earth and almost indefinite time at the disposal of

geologists." These views are in accordance with Herschel's theory of

subsidence, which I have found so abundantly illustrated by the actions

and reactions of gravitation and pethereal elasticity {Proc. A. P. 8., ix,

283-8, 34.5-9, 355-60; x, 2G1-9, 368-79; xi, 103-7; xii, 392-417, 518-22;

xvi, 184-92; xvii, 294-307, et al). Dr. Haughton refers to Prof. Newton's

application of the same theory to account for the asteroids and some of

the satellites, but he has made no allowance for the modifications of

planetary and satellite arrangements which Avould result from harmonic

motion.

319. The Key-Note of Nature.

Gardiner says(iJfMSJC of Nature, 2d, Ed. p. 417) : "In the fifteenth century,

music was generally written in the key of F, and its relative D minor.

This order of sounds was first adopted, probably on account of its being

the most familiar to the ear, as it will be seen that the cries of animals, the

buzzing of insects, the roar of storms, the murmurs of the brook, and

some of the grandest sounds of the natural world, are to be referred to this

harmony and maybe denominated The Key of Nature." In 1873, (Proc.
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A. P. S., xiii, lot), I showed the accordance between the wave length of

the principal Frauenhofer lines and of the homonymous notes of the

twenty-third musical octave, the greatest difference being 2} per cent., and

the closest approximation being at F, where the difference is less than f ot

one per cent. In the arithmetical mean, the difference is less than j of one

per cent. ; in the geometrical mean the accordance is exact. Langlej', in

a communication to the British Association, at Southampton, reported

experiments which show a fundamental solar "tint which must approxi-

mately represent that at the photosphere, and which is most similiar to

that of a hue near Frauenhofer's F." (Arn. Jour. ScL, Nov. 1882). See

also Notes 41, 42, 235.

320. Limit of Thermal Velocity.

In Notes 58, 61, 62 and 102 I introduced some thermodynamic consider-

ations which were based on interstellar photodynamic influence. In April

1865, iProc. A. P. 8., x, 101) I called attention to the fact that "even

the thermal currents are occasioned simplj'^ and solely by the varying

gravitation of fluids of varying density," and in nearly all my physical

papers I h.ave been guided by the belief that all ultimate energy is radiant

from or toward kinetic centres, the various forms, (luminous, thermal,

electric, gravitating, etc.) being merely due to subordinate modifications

of primitive radiations. The simultaneous radiation of light and heat

from the Sun, the " Thomson Effect" (see Am. Jour. Sci., xxiv, 379-87),

and the phenomena of thermo-electricity, furnish strong a priori grounds

for believing that the limit ot thermal velocity, Vg, is the same as the limit

of luminous velocity, r^.

321. Extension of Fundamental Equality.

In throwing a ball into the air, the thermal equivalent of the projectile

force is equal to the product of the mass by the sum of the retardations

which result from gravitating influence, atmospheric resistance and all

other opposing circumstances. In solar rotation, all the solar superficial

particles are alternately projected from and drawn towards the chief

centre of gravity of the system, in cyclical periods of half-rotation. The
thermal equivalent of this projection represents the whole work of gravity

for the time, ^"^
, and the corresponding velocity, Vg, is equivalent to the

velocity of light. This gives the following extension of the equation in

Note 280:

V^ = V^ = ty = Vg.

The combination of centripetal and centrifugal tendencies which produces

solenoidal terrestrial currents (Note 274), may, perhaps, suggest consider-

ations which will be serviceable in general electrical research, and so lead

to important developments of this fundamental equation.
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322. Disturbed Attraction.

R. Lamont (Jour, of Science, Oct. 1882), says, "If we disturb the at-

traction which liolds together the atoms of a chemical compound, whether

it be in the solid, the liquid, or the gaseous state, we have this same ema-

nation of liglit and heat. If, then, these great effects can be produced in

our laboratories, what must result in our solar system from the continual

struggle between attraction and centrifugal force?" I attacked the view

that weight can be predicated of bodies at rest, as early as 1864 (Proc. Am.

Phil. Sac, ix, 357), and in February, 1868, I gave a summary of various

phenomena Avliich maj^ be simply coordinated by tlie theory that motion,

rather than rest, is the natural state of matter (Proc. Am. Phil. Soc, x,

377-9;. Although similar views had often been advocated by others, no

attempt seems to have been made to confirm them by numerical measure-

ments, prior to my investigations, which began in 1863 {op. cit., ix, 283-8).

323. Lunar Barometric Tides.

The correlations of gravitating and magnetic tides (Notes 116-22), lend

interest to Bergsma's observations of the lunar atmospheric tide at Batavia,

1866-80 (See Nature, Nov. 23, 1882, p. 79), a tide which appears to have

been first observed by Luke Howard, in London. Assuming the lunar

day to begin at the Moon's upper transit, the following are the phases

above or below the mean, expressed in millimetres :

—

mm.
1st max. -\- .057 at lunar hour 1

1st min. — .053 " " 7

2d max. + .064 " " 13

2d min. —.060 " " 19

Buchan's isobar of 29.9 in. =r 759.45 mm. passes through the Malayan

Archipelago. This is 6491 times the mean range (.117) of lunar disturb-

ance, which is much greater than can be explained by simple gravitating

tide. It is, however, in simple harmonic relation to the square of the mass.

If m3« -.ii^:: 6491 : 1, ^3 — 80.56;y..

324. Lunar-Tidal Rainfall at Batavia.

"The influence of the moon's phases on therainfiill [at Batavia] is quite

decided ; for while the mean daily rainfell is .205 in., it rises at full moon

to .248 in., from which time it gradually falls to .181 in. at the third octant,

rises to .212 in. at the fourth octant, then falls to .184 in. at the fifth octant,

and finally rises gradually to the maximum at the time of new moon. The

important conclusion follows that the attractiveinfluenceof the moon, and

consequently that of the sun. must be taken into account as factors con-

cerned in bringing about oscillations ot the barometer." These evidences

of lunar-tidal influence upon rainfall are greater than those which I found

at Philadelphia {Proc. Am. Phil Soc, x, 523-37), about the same as at

Barbadoes {lb., xiv, 195-216), but less strongly marked than at Lisbon

{lb., xii, 178-90), and at San Francisco (lb., xii, 523-42).



Chase.] '^*^ [Jan. 19,

325. T^ic Neptuno-Zfranian Belt.

All the proposed forms of the nebular hypothesis seem to require evi-

dences of retrograde motion, such as are shown by the outer planets of

our system. The successive harmonic influences of central condensation,

conversion of orbital into rotary motion, incipient projection and incipient

subsidence are shown by the proportions which were given in Note 315.

If we take the oscillatory estimate, w^ = (2 x 3 x 4)* wij. instead of the

estimate in Note 313, we get wio = 226o6OTj = 19379m8 ; p^ =19.138^3.

Newcomb's mass-estimates are m„ = (22600 d= 100) ra^ = (19380 ± 70)mg.

The observed value of p-, is 19.184^3, which is about ^ of one per cent,

greater than the harmonic value.

326. Terrestrial Magnetic Vis Viva.

Equation (1) of Note 91 may be modified hy regarding i\ as a mean
proportional between Earth's mean orbital velocity and the velocity of

light, and substituting the mass of the Telluric system, m^, for Earth's

mass. We then have,

substituting t^ — p^^ -^ 497.827 ; v^ = 2r.pz -^ 31558149 ; m„ = 1047.879^5

;

we get 7«5 = 311.672m^; m^ = 326594?ft , which difiers by about \ of one

per cent, from the magnetic estimate of Note 2 (327710). The identity of

the velocity of electro-magnetic disturbance {Maxwell, Electricity and

Magnetism, % 784) with the velocity of light, lends interest to this approxi-

mate coincidence. If we estimate m^ = 81.08a, these two values of m^
give

82.08
m^ =

gj ^g X 326594?n3 =l 330622^3 ; p^ = 92678000 miles.

m^ — g^Qg X 327710/«s = 331752»i3 ; p^ = 92783400 "

The latter estimate of ^, differs by less than :fJo of one per cent, from the

value which is indicated by centres of nodal oscillation (Note 91).

327. Cosmic and Chemical Harmonic Motions.

A harmony which involves considerations of the conversion of orbital

into rotary velocity, projectile vis viva, inertia of central condensation,

and energy of chemical combination, is shown in the proportion

i n which p^ =^ Earth's primitive locus of orbital projection, or secular

perihelion (Stockwell's estimate of secular eccentricity and the Brit. Naut.

Aim. estimate of Sun's apparent semi-diameter give ^^ =200.385/)J; g^
= mutual gravitating acceleration of two equal particles at distance h ; g^^

= like acceleration at distance r.^; h =. theoretical height of secondarj'

centre of oscillation in explosive combination (Note 16). Solving the pro-

portion, we get, h = 279.943 miles
; p^ = 92739000 miles ; m„ = 331280/rt3.



1883.1 577 [Chase.

328. Comparison of Harmonic Mass-Estimates.

The estimates of planetary mass in Notes 313-5 are, in some respects,

more simple than those in Note 156. This is especially ths case with

Uranus and Neptune.
Xote 1.53.

Sua H- Venus. 427630

Sun H- Earth, 331668

Sun -;- Jupiter, 1047.879

Sun -f- Saturn, 3503.22

Sun H- Uranus, 22602

Sun -T- Neptune 19392

The relations of mass, density, and time, at the stellar centime of the

system, are determined by the velocity of light ; those at the chief nebular

centre are influenced by the first harmony ; those at the chief centre of

condensation introduce the two preceding harmonies ; those at the centre

of planetary inertia show the combined influence of luminous undulation,

nucleation, nebulosity and condensation. Venus and Uranus are rhyth-

mically influenced by the chief centres of nucleation and condensation ;

Neptune is similarly influenced, though less directly, through its belt-

connections with Uranus.

Notes 31.3-j.
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a. Jupiter's locus of incipient subsidence (secular aphelion), is nearly

a mean proportional between Neptune's locus of incipient subsidence and

Earth's semi-axis major.

/5. Jupiter's mean subsidence-locus (mean aphelion) is nearly a mean
proportional between Xeptune's locus of incipient subsidence and Earth's

mean projectile locus (mean perihelion).

y. Jupiter's mean subsidence-locus is nearly a mean proportional be-

tween the semi axes major of Mars rmd Uranus.

0. Jupiter's semi-axis major is nearly a mean proportional between the

mean projectile locus of Mars and the semi axis major of Uranus.

£. Jupiter's semi axis major is nearly a mean proportional between the

incipient subsidence locus of Uranus and the incipient projectile locus

(secular perihelion) of Mars.

f . Jupiter's mean projectile locus is nearlj' a mean proportional between
the incipient projectile-locus of Uranus and the mean projectile locus of

Mars.

7j. All of Jupiter's orbital loci are at centres of explosive oscillation {%')

of orbital loci of Saturn.

0- Jupiter's mean subsidence-locus is at the nucleal locus of a condens-

ing nebula, of which Saturn represents Laplace's atmospheric limit and
Earth is the centre of condensation ; Earth's semi axis major being the

unit radius, and Laplace's limit varying as the f power of the nucleal

radius. Accordances r^ and 0, w^hich are the closest of all, are especially

interesting on account of the variety of indications wh'ch they give of the

harmonic influence of luminous undulations upon the four great centres of

nucleation, condensation, nebulosity and planetary inertia.

The following table shows the closeness of agreement between the har-

monic values and Stockwell's.

Dif. of logs. Percentage of difference.

.0000513 ^-^ of one percent.

.0001365 yij-

.0016365 f

.0013095 I;

.0003146 J3

.0003247 tV

.0000000

.0000343 tU

331. Photodynamic Significance of tlie Temperature of Space.

Sir John Herschel estimated the absolute temperature of interstellar space

as about one-half as great as Earth's mean superficial absolute temperature.

If the former temperature is due to stellar radiations, every star must have
opposite hemispheres which are exposed to different temperatures, as well

as to different gravitating tendencies. The fundamental equation ot ve-

locity (Note 321), may be fairly presumed to be universal, so that all

Harmonic log.
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stellar rotations may accord with solar rotation in alternately consuming

and resuming, at alternate half-rotations, the photodynamic energy of all

the superficial particles. At the outer limits of our {ethereal system, the

aether, if material, should rotate with the stars, so as to radiate and absorb

heat like an ordinary atmosphere. A full discussion of conservation of

energj^ in the several stellar systems, requires the consideration of time in-

tegrals of various kinds, gravitating, thermal, photic, rotating and re-

volving. Continual shiftings of position may, perhaps, continually restore

to cosmical centres a reactionary vis viva which is exactly equivalent to

their active radiations.

332. Hirn's Hypothesis.

G. A. Hirn {Comptes Rendus, Nov. 6, 1882), agrees with Faye in be-

lieving that astronomers need an absolute vacuum of matter in order to

assure the stability of cosmical movements. He thinks that the doctrine

must be discarded which excludes from the physical universe everything

but matter and motion, and refers approvingly to Newton's letter to

Bentley, implying the necessity of a constant spiritual activity, which can-

not be subjected to any materialistic formulation. Seven years ago (Proc.

Am. 'Phil. 8oc., xiv, 611, xvi, 302) I published a number of postulates,

among which were the following :

"11. Any aethereal medium through which impulses are progressively

transmitted, must be material.

"12. Any medium through which impulses are transmitted instantane-

ously, must be devoid of inertia and, therefore, spiritual."

333. Laplace's Principle of Periodicity. '

I have elsewhere (Proc. Am. Phil. Soc, xviii, 41-3). given someillustra-

trations of the general principle, which was established bj^ Laplace, that

the state of a system of bodies becomes periodic when the effort of prim-

itive conditions of movement has disappeared by the action of resistances.

The periodicity of solar rotation shows the action of gravitating resistance

against the efforts of luminous undulation. The resistance is just as con-

stant as the radiation, and it would be f;ir to seek any good reason why
any provision for perpetuity which may be needful should not accompany

every effort and every antagonizing resistance. If spiritual intervention is

taken into consideration, its action may be merely directive, because there

is a theoretical instant of absolute rest when one oscillation ends and its

successor begins, so that there is no material vis viva to be overcome.

334. Two-Fold Nucleation in the Dense-Belt.

Jupiter's nodal influence (Note 331), co-operating with central condensa-

tion in the dense-belt, is shown in the following additional harmonies :

:. Jupiter's semi-axis major represents Laplace's limit for its own con-

densing nebula, of which the nucleal limit is the locus of incipient subsi-

dence of Mars.

PKOC. AMER. PHILOS. SOC. XX. 113. 3u. PRINTED MARCH 12, 1883.
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K. In tendencies to reverse condensation towards Jupiter, Earth's mean
locus of sulisidence is 4.1289304^, from Jupiter's mean locus. This repre-

sents a nucleal radius for which Laplace's limit would be 6.70965^3, which

is near the mean locus of Mars on the opposite side of Sun.

X. In like reverse condensation, the mean locus of Mars, when in con-

junction with Jupiter, represents a nucleal radius for which Laplace's

limit would be 5.67968^^, which is near Mercury's incipient locus of subsi-

dence.

11. Taking Mercury's mean subsidence locus as final or unit radius,

Venus represents a nucleal radius, for which Earth's projectile locus would

be Laplace's limit.

The closeness of accordance is shown in the following table :

Percentiise of
Harmonic. Stockwell.
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336. Mean Harmonic Eatimate of Saturn's Mass.

"We have seen in Note 326, that in some harmonic approximations the most

satisfactory results are reached, as in the foregoing note, by adding satellite

or subordinate masses to their primaries, while in other cases it seems best

to consider the primary mass alone. The choice of methods, in any in-

stance, may be governed by considerations of static or kinetic equilibrium,

instantaneous or progressive action, primitive or subsequent conditions, or

other relations which may be unfolded by a more minute study of har-

monic astronomy. If we substitute the rotary estimate of Note 313, (m^

^TO3=: 830463) in Note 335, we get w„ -4- m^^ =3500.62. Combining

this value with the two which are given in Note 314, we find an exact

mean accordance with Bessel's estimate, as follows :

From central primitive nucleation, 3500.62

" final
" 3522.33

" nucleation, condensation, nebulosity and inertia, 3481.86

Arithmetical Mean, 3501.00

337. Inner Limit of Saturn's Preponderating Influence.

The two foregoing notes regard all the intra-asteroidal planets as in

some sense satellites of Jupiter, which have been made planetary by the

superior attraction of the Sun, somewhat as our Moon is both a solar planet

and a terrestrial satellite. It may be asked whether Saturn's attraction

when in opposition to Jupiter, is not sufiicient to invalidate this hy-

pothesis. Jupiter's mass being 3.3415 times as great as Saturn's, the ex-

tent of its equal gravitating disturbance is |/3.3415 = 1.828 times as great.

Saturn's relative disturbance of intra-Jovian matter is greatest when Saturn

is at secular perihelion (8.734451^3) and Jupiter is in opposition, at secular

aphelion (5. 519271/),,). The limit of equal attraction is then at i||| of

14.253722/)., = ^.2\Mp^ from Jupiter, or 3.6941^)3 from Sun, on the side

towards Saturn, so that it includes all the orbits of the dense planets, and

nearly all of the asteroidal belt. This fact gives new meaning to Notes

330 and 334.

338. More About Comet Wells.

Notes 295 and 302 illustrate the probable formation of spectral bands by

the combination of diflferent harmonic tendencies, as well as the precision

of delicate measurements by a skillful observer and accuracy of judgment

ia estimating the centres of maximum brilliancy. It is, therefore, not un-

likely that careful study may discover successive evidences of phyllotactic

and other harmonic influences, as Avas the case in investigating atomic

phyllotaxy. If we take the difference between lines a and e in the "Wells'

spectrum (Note 295 ; 4769— 4253= 516), the phyllotactic numbers 2, 3, 5.

13, 34, serve in the following sub-multiples
; | of f^^ of 516 = 31.754 ; 3 X

31.754 = 95.262 ; 4 x 31.754 =127.015 : 5 X 31.754 = 158.769
; ^ X i X

II of 516 = 134.954. These numbers give the following accordance :
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binations of this sum with phyllotactic powers of 2, 3, and 5 give the fol-

lowing mass-approximations

:

Conipnted. Phyllotactic.

Sun --Jupiter 1047.879 1050 = (2+ 5) (2x5) (3x5)

Sun H- Saturn 3501.6 3500= (2+ 5) (2x5)' (5)

Sun ^ Uran. and Nep. 10433 10500= (2 + 5) (2x5)^3x5)
Sun -- Earth 330463 330750= (2 + 5)' (2x5) (3x5)'^(3)

Sun -- Venus 427240 428400 = (2 + 5) (2^x5) (3^X5) (34)

Sun Mars 3093500 3094000= (2 + 5) (2x5)^1^x34)
Sun ^ Mercury 4865751 4873050 = (2 + 5)'^ (3x5)^ (13x 34)

The greatest deviation is less than j''^ of one per cent.

341. Centripetal Harmonies of Planetary Mass and Position.

If we begin wnth the outer two-planet belt, we find evidence of the fol-

lowing successive influences :

a. Rotary vis viva, {mp^ -~ 2). (1). If we call the sum of the masses of

Neptune and Uranus m
^^^
= w?, + m^, we find that its influence of rotary

perturbation introduces both the same and the diametrically opposite mean
perihelion longitudes of Saturn, provided that ^^^^

and
^(,)

represent, respec-

tively, the incipient loci of subsidence of Saturn and Uranus ; m^^.^ {p^^.^
—

p^ ) = Wg0^gj% (2). If we call the sum of the masses of Jupiter and the

dense belt, m.^^ = in^ + m^ + Wg + in„ + m^, we find that its mean influ-

ence of rotary perturbation is the same as that of Saturn ; 'm^^^p^ =: m^p^.

/?. Rotary momentum. The interior mass of the three primitive masses,

m^^y was so divided that Sun's semi-diameter became the rupturing locus

•for the principal centre of gravity of the system (c. g. of m„ and vi^).

Designating Jupiter's radius vector at secular perihelion by p^^y we find,

y. Photic time-integral. Sun's mass and density are so harmoniously

adjusted that the oscillations of solar rotation indicate the actions and re-

actions of a wave-velocity which is equivalent to the velocity of light

(Notes 17, etc.).

8. Secondary time-integrals. The solar superficial gravitating accelera-

tion, which is determined by the photic time integral, determines in its

turn the velocity of circular-orbital oscillation ( \/gr) at all distances from

Sun's centre. The velocity at Sun's surface gives Jupiter's time-integral :

the velocity at the mean centre of gravity of the system gives Earth's time-

integral.

£. The photic time-integral (y), the probability that Sun's density is har-

monically determined by the density of hydrogen, and the equality of

sethereal and solar mass which is implied by their equality of action and

reaction, give the proportion at Sun's surface,

Modulus* : p^a : : density of hydrogen : oethereal density.
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342. Secondary Harmonies of Planetary Mass and Position.

The data of the foregoing note are sufficient for approximate determina-

tions of the respective masses at the chief centres of nucleation, condensa-

tion, nebulosity, and rotary planetary inertia, (Sun, Earth, Jupiter and

Saturn). The division of the outer two-planet belt, and the separation of

Venus from the primitive interior belt were determined by simple rela-

tions of vector- radii, which may be regarded as indicative either of photo-

dynamic time or photod3''namic vis viva.

^. The radii which determined the aphelion and perihelion masses of

the outer belt were, respectively, the aphelion and perihelion loci, or the

loci of incipient subsidence and incipient projection, at the inner limit of

the belt (Note 315).

7j. The radii which determined the relative masses of Earth and Venus
were, respeclively, the mean radius-vector and the locus of incipient sub-

sidence of the respective planets (Xote 313).

343. Centripetal Approximations

If we take the phyllotactic estimates of Mercury and Mars (Note 340),

with the gravitating or centripetal estimates of the other planets, and of

solar and aethereal density (Notes 341-2), we find the following approxi-

mations, which may be compared with those of Notes 325 and 328 :

Harmonic. Compntefl.

Sun -^ Mercury, 4873050 4365751

Sun -T- Venus, 426721 427240

Sun -f- Earth, 330463 33 1 770

Sun -- Mars, 3094000 3093500

Sun -- Jupiter, 1047.879 1047.879

Sun -4- Saturn, 3500.69 3.501.6

Sun -- Uranus, 22759 22600

Sun ^ Neptune, 19467 19380

Density of Sun ~ Earth .25492

Density of .Ether ~ Hydrogen 108,939,930.000,000,000

Solar ^lodulus of light, 474657^„ = 2213.37^,3

Solar Rotation, 25.5064 days

Orbital time at p^. 10049 seconds

Sun's semi-diameter, p„, 432089 miles

Earth's semi-axis major, p^, 92,661.550 miles

Difference,

of one per cent.

13
25

Log. =T.40G4086
17.0291400

3.3450539

1.416G487

4.0021223

5.6355735

7.9668996

314. Laplace, Herschel and Fourier.

Laplace's statement of the nebular hypothesis has been generally thought

to imply that the planets and satellites were thrown off by the centrifugal

force of contracting nuclei. Many objections have been found to this

hypothesis, of which the moons of Mars furnish a striking example.

Herschel's theory of subsidence, bj' recognizing the equality of action

and reaction, removed these objections, provided for the recognition of
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cometary and meteoric influences, and made the moons of Mars, as I have

shown {Proc. Am. Phil. Soc, xvii, 802), an unexpected confirmation of his

views. Fourier's discussions of elasticity and cyclical motion, in a line of

research to which American investigators have made important contribu-

tions (see op. cit., xvi, 298-303), showed that all cyclical movements are

gwrtst-elastic and may be represented by simple combinations of elastic

formulae, and tlius paved the way for a wide extension of the theory of

harmonic motion. The three foregoing notes show a combination of sim-

ultaneous and continuous activities, which it would be difficult, if not im-

possible, to explain by Laplace's theory. They are all, however, in full

accordance with the views of Herschel and Fourier, and they indicate that

the photic aether may still be regarded as nebulous.

345. Photic Loci of Earth and Saturn.

Note 341 suggests the influence of linear oscillation in subsiding particles.

Neptune's locus of incipient subsidence (30.47^.,) became, by the relative

slowness of its motion, a point of virtual suspension. Saturn's locus of

incipient subsidence (10.343^3) which was near its centre of oscillation

(10.16^3), was the origin of the belt of mean planetary inertia. AVhile the

Neptuno-Uranian and the .Jupiter-Telluric belts were yet undivided, the

theoretical period of rotation was (30.46955 X 214.45)'' X 25.5004dy =
3050950.7 years. The fundamental photodynamic equation (Note 321),

with the equality of action and reaction, fixed the chief centre of con-

densation at a locus which is in simple photic relations with the solar

nucleus, the photic radius of rotation and the centre of planetary rotating

inertia. For the mean proportional between the mean locus of incipient

planetary subsidence (10.343253^o3) and Earth's semi-axis major is 3.2161^^

;= 689.G9^„. If we call this the photic radius, or the locus of luminous

equatorial velocity for a sphere which would have orbital velocity at Sun's

surface. Earth's semi-axis major should be [31558149 -^ (2 - x 497.827 x
689.69)]2/>„ = 213.99/)„, Avhich is within 1*5 of one per cent, of the British

Nautical Almanac estimate (214. 45^^).

346. Mass-Relations of Earth and Saturn.

The relative masses, as well as the relative positions, of the chief centres

of condensation and of planetary inertia, show simple harmonic accord-

ances with the energies of {ethereal rotation and reacting inertia ; Earth's

locus of incipient projection (.932265^3), bearing the same ratio to Sat-

urn's mean locus of projection (9.077645^o3), as the square root of Earth's

mass bears to the square root of Saturn's mass, thus indicating an exact

equivalent between the moment of rotation and the inertia of mass.

This gives 331988OT;^=: m„ ; p^ = 92,805,400 miles. The mass-value differs

by less than ^^3 of one per cent, from the value which was adduced from

the relative inertia of Earth and Jupiter (Note 152), and by less than -^^

of one per cent, from the value which was deduced from centres of oscilla-

tion (Notes 5, 23).
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ratio of the circumference of a circle to its diameter {lb., xiii, 140-1, xiv,

609-12, et al). (7). Time integrals, rotation-waves, harmonic vibrations,

polar forces, etc. {lb. xiv, 141-7). (8). Laplace's limit, and its variation as

the f power of the nucleal radius (lb., xiv, 612, 022, 652, et al. ). (9). Con-

stancy of pressure and constancy of volume (lb., xiv, 651). (10). Instanta-

neous velocitj', implying spiritual influence (lb., xiv, 611 ; xvi, 302, et al.).

(11). Comparative variations of distance and density, iu elastic media (lb.,

xvii, 109-12, etal).

350. Relation of Inertia to Time and Force of Oscillation.

M. Lipschitz, in a letter to M. Hermite (Comptes Rendas, xcv, 1141),

discusses some points which have an important bearing on ray funda-

mental equation (Note 321), and on time-integrals in general. Supposing

a heavy body to tui'n freely about a horizontal axis, he considers two kinds

of movement. In the first,*the angular velocity becomes at ^^ ; in the

second, at -^ — O^- The times in the two movements may be expressed by

elliptic integrals of the first order, with complementary moduli. The

corresponding integrals of the second order represent Hamilton's accumu-

lated vis viva, or the integral of which the element is equivalent to the

sum of all the living forces of the system multiplied by the element of the

time. The result of the discussion, which he considers remarkable, gives

an equation of oscillating times' and accumulated vis viva, for the two kinds

of movement, which depends solely on the moment of inertia of the body.

351. Motion of San-Spots in Latitude.

Spoerer, in a letter to Faye (Comptes Rendus, xcv, 1110), reports observa-

tions upon the movement of Sun-spots in latitude. Arranging the observa-

tions of twenty years (1861-80) in 5° belts, he finds a slight excess of move-

ment towards the equator between the parallels of 5° and 10^, and a slight

excess towards the poles between the parallels of 20^ and 25^. Carrington

and de Rico found a predominance towards the equator between 0° and

15°. and towards the poles in higher latitudes, but the indications were so

slight that Carrington attached no importance to them. Faye regards these

results as fotal to the theory of Siemens, for if the Sun is fed by the subsi-

dence of matter towards the poles, he thinks that the equatorial centrifu-

gal force should produce a constant tendency of spots towards the equa-

tor. He also calls attention to the fact that the centripetal force at Sun's

equatorial surface (
'^r -f- »'„t ) is about 48000 times as great as the cen-

trifugal, and he attributes the equatorial increase in apparent velocity of

rotation to the continual convection-currents between the photosphere and

the interior of the Sun.

352. Photodynamic Centrifugal Energy.

At the very outset of my planetary investigations I called attention to

the accelerating effects of "subsidence," and Hall's discovery of the

moons of Mars strengthened my conviction that such acceleration was the

PKOC. AMER. PHILOS. SOC. XX. 113. 3v. PRIKTED MARCH 19, 1883.
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vera causa of Sun's equatoml acceleration. Jupiter's influence upon har-

monic masses and positions (Notes 313, etc.), ivncl tlie close approximation

of the pliolic radius (Note 345) to .Jupiter's projectile centre of linear os-

cillation, show that there are activities, at various distances from the Sun,

"whicii slioukl be considered in discussing the conservation of solar energy.

The centrifugal force to which Siemens refers is by no means limited to

Sun's surface ; at Laplace's limit (36.36ro), at the photic radius (GSOrJ,

and at the solar modulus of light (G89"?'o), there are important rotating and
consequent centrifugal tendencies which have been almost wholly over-

looked. Darwin's discussions of terrestrial " viscosity" furnish many sug-

gestive hints for an investigation which, as I fully believe, will help greatly

to extend Laplace's views of universal stability. No one, probably, would
think of limiting the centrifugal force of terrestrial rotation to Earth's sur-

face, nor even to its atmospheric modulus ; there is great likelihood that

an appreciable atmosphere may extend even beyond Laplace's limit (CGry),

all portions within that limit rotating sj-nchrouously with Earth, while all

portions bej^oud the limit are subject to combined influences of rotation

and revolution. Sun's aethereal modulus extends to more than 73 times

Neptune's semi-axis major, and if we suppose that to be the limit of

aethereal centrifugal tendency, we have an available velocity which is G89

times as gi'eat as the velocity of light. If we suppose, still further, that

Laplace's velocity of gravitating action, more than 100,000,000i.'j^ {Mec.

Celeste, X, vii, 22), represents an actual physical velocity, we have a

radius of rotating influence which extends from the Sun as a centre to

more than 13000 times the distance of a Centauri.

3.j3. Motion in Perfect Fluids.

Siemens calls attention {Comptes Rendus, xcv, 1040), to the results of

Froude's Torquay experiments, which showed that a submerged body,

moving with uniform velocity in a perfect fluid, will meet no resistance

whatever. By "a perfect fluid" is meant a fluid free from viscositj"^ or

quasi solidity, and in which no friction is caused by the slipping of its

particles either over one another or over the surface of the bod}-. If there

are any such fluids, the luminiferous tether is doubtless one. Ferrel's in-

vestigations have shown that ^le centrifugal force of rotation would draw
it entirely away from the jwles, so that more viscous fluids, such as our

atmosphere, would serve, as Siemens says, as lubricators, to supply tempo-

rary vacua which would otherwise result from the slight lateral elastic

oscillations of the aether. These considerations, as well as those of the

foregoing note, open a new field for analytical research, which must be
thoroughly explored before final judgment can be passed upon questions

pertaining to the conservation of solar energy, the stability of the physical

universe, and the reproach of thermodynamics.

354. Centripetal Transformation of Radiations.

"When particles or bodies are moving in circular orbits, under the in-

fluence of central forces, the centripetal and centrifugal forces are in equi-
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librlum ; in parabolic orbits, the centripetal vis vita is twice as great as

the centrifugal on approaching the centre, and one-half as great on reced-

ing from the centre ; in elliptical orbits, the ratio of the living forces varies

inversely as the ratio of the radius-vector to the semi-axis major. In

actual orbital motions, the alternate oscillations between the apsides are

equal, but in opposite directions. This must be true of the gether, as well

as of planets and satellites, if the tether has an}' orbital motion, and reason-

ing from analogy we might fairly suppose that it is true of iBthereal waves.

What becomes of the heat which is supposed to be absorbed by the aether?

Does it increase the mean distance of the sethereal particles, does it main-

tain an ever increasing amount of isthereal undulation, or is it resolved

into some form of gravitating or other centripetal activity, which furnishes

conclusive evidence of the universality of the law that "action and re-

action are equal and in opposite directions? " A single fact is worth more

than a million theories, however plausible they may be. The second law

of thermod^^namics is purely theoretical, inasmuch as it tries to account for

activities which are beyond the reach of experimental investigation. The
fundamental equality of Note 321 is a significant and far-reaching fact,

which illustrates Laplace's principle of periodicity (Xote 333), and bears

satisfactory witness to the continuance of activities which have hitherto

been the reproach of thermodynamics.

355. Pri/nitioe P'lotodynimic Locus of Nepticne.

The combined influence of the tendencies to rotation and revolution

(Notes 34S, 352, etc.), is shown in the outer limits, as well as at the centre

of the planetary system. The outer extremity of the photic radius (Note

345), has an oscillatory trajectory which is (-t\ -=- «o) times as great as

thatof/)„. Its rotatory vis viva, and consequently, its radius of relative

projection, is (r v^ -r- vj^ times as great, and the orbital period of this pro-

jectile radius is (:z v^ -^ v^ x 3 r v' (r„ h- (j„). Jupiter's secular eccentri-

city, according to Stockwell, is .0608274. This gives, for the linear centre

of oscillation of its locus of incipient subsidence, .0405516, and for the

solar radius vector of that centre, 1.0405516. If we take a like projection

of Neptune's locus of incipient subsidence (1.0405516 X 30.46955 ^=

31.70514) as an original nucleal radius ^p^) for which Laplace's limit

(„A was (t: v^^ -^ v„y p„, we find p^ = (;:- 1\ p^ h- ^3 p^y /?» ; «a "^ ^'3 =
31558149 sec. ^ (2 - X 497.827 sec.) = 100S9.116 ; p^ = 214.461 ,o„ ; p^ =
6799.52 p^ ; p^ = 4684434 p,.

358. Primitive Photodynamic Locus of Saturn.

The value of Sun's apparent semi-diameter as deduced from the fore-

going note is 306264 ."806247 -^ 314.461 = 961. "78, the British Nautical

Almanac estimate being 961. "83. A mean proportional between Sun's

semi-diameter and ^;^ (2164.36 ^„ = 10.09206 p^) is within less than one

per cent, of Saturn's mean subsidence locus (10.000059 ^3). The photic
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radius {„a, = «„ ^a
"^ "o ^^ 688.93G p„) is a mean proportional between

Earth's semi axis major and Saturn's incipient subsidence locus (2218.23 /^^

=• 10.343253 ,,<) within less than ^ of one per cent. A mean proportional

between
f,.

and
f,^,

is also a mean proportional between ,,^, and ^;^. Hence

we see that Sun's radius, Earth's radius-vector, the photic radius, as well

as the original nucleal and limiting radii of the system, are all represented

through their harmouic influences upon the belt of mean planetary inertia.

357. Stellar Relations of Primitive Photodynamic Loci.

In whatever way we may regard these many indications of harmonic

influence upon planetary positions and orbital periods, whether as furnish-

ing evidence of early nebular condensation or of nebular activities whicli

still continue, we can hardly believe that they are confined to our imme-

diate system. The nearest companion system being that of « C'entauri,

we need feel no surprise at finding that ^/^ is a mean proportional between

Sun's radius and the distance of a Gentauri, and p^ is a mean proportional

between the solar modulus of light and the distance of a Gentauri. The
distance which is thus indicated differs by less than ^ of one per cent,

from the one which Avas deduced from the corona line and the masses of

Earth and Jupiter (Note 4G). The photic radius is, of course, a mean
proportional between Sun's radius and the solar modulus of light.

358. Photodynamic Relations of the Neptunian System.

Stockwell (Wash. Obs., tor 1873, App. I), deduced two values for the

quotient of Sun's mass by Neptune's mass, viz.: 19700 from perturbations

of Uranus, and 19380 ±: 70 from Neptune's satellite. The former value may,

perhaps, indicate the mass of the planet ; the latter, the mass of the Nep-

tunian system, including the satellite which has already been discovered,

together with any others which may be yet unknown, and one or more

possible remote planets. The orbital period of the primitive projectile

radius (Note 355) is 19013.1 times Neptune's orbital period. Designating

these periods by f^ and tg, respectively, we have the approximate har-

monic proportion,

f„ : <8 : : 19613.1 : 1 : : ot„ : TWg.

This value is intermediate between Stockwell's two estimates, differing

but f of one per cent, from their mean, but li per cent, from the smaller

and but ^ of one per cent, from the larger estimate. As the proportion

is based upon time-integrals which must be operative, this closeness of ac-

cordances is intei'esting.

359. Phyllotactic Relations of Earth and Neptune.

To the harmonic relations which I have already pointed out, between
the planetary masses at the centre of incipient subsidence (Neptune) and
at the chief centre of nucleation, may be added a very simple phyllotactic

relation, which is shown by the proportion,

m-. : nu : : 2 : 34.
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If we take the mass-estimate of Note 313, m^-^ m^=i 330463, this propor-

tion gives m^ -r- m^ = 19439, which is, within the limits of probablb error,

in accordance with Stockwell's second estimate. The interest of this har-

mony is increased by the fact that the ratio of Earth's equatorial velocity

of rotation is to the liraitin<r value of Vg.^ r.^ in the same phyllotactic ratio

of 2 to 34.

360. Harmonic 'Relations of Saturn, Mars, and the Telluric System.

The harmonic actions and reactions among the masses at the centre of

planetary inertia (Saturn), the centre of incipient subsidence for the belt

of greatest condensation (Mars), and the central system in the belt of

greatest condensation (Earth and Moon), is shown by the proportion

TO, : r. ^(3, : : ,r m^^^ : m^.

Taking Bessel's estimate, m^^r-m^ = 3501.6, with the rotary estimates

of Notes 313 and 316, m^ ~- m^ = 330463, Wj ---
p. = 81.08, this proportion

gives m„ -=- m^ =: 3083416, which differs by less than | of one per cent.

from Hall's estimate. These repeated harmonic relations of mass seem to

show that every planet represents some special central tendency, and
when that tendency is found, the harmonic calculus will furnish estimates

which are generally closer than those which have been reached by the

ordinary astronomical methods. If this is the case with the first approxi-

mations, we may well hope that a due regard to secondary and subordi-

nate harmonies will give results of a very satisfactory character. In the

present instance, if we regard Hall's estimate as correct, and deduce the

value of Earth's mass, we find m„ h- 7n^ = 331003, which is within the

limits of probable error.

361. SynoiMc Table.

The six foregoing notes are, in some respects, more comprehensive in

their harmonic indications than any that have preceded them. I therefore

give the following comparative table :

Harmonic Logarithms.
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3C2. The Terrestrial Series.

The above table introduces two geometrical series ; the first having the

ratio r:, and having for one of its terms a solar radius-vector for Earth,

similar to the one for Jupiter in Note 355 (1 + 2 ^3 = 1.02258).

Harmonic.



1883.] OJd [Chase.

Stockwell, are respectively, I of one per cent., ^V of one per cent, and ^^

of one per cent. The three terms which indicate mere photodynamic pro-

gression show an exact accordance ; but there is a range of uncertainty

which is of the same order of magnitude as planetary eccentricities, with

regard to the exactness with which the third of those terms represents the

locus of a Ctntauri. The harmonic term preceding the solar modulus is

7.466 times Neptune's semi-axis major. It has no obvious known repre-

sentative, but future researches or discoveries may make it significant.

The Terrestrial and the Stellar-Photic series are connected by the propor-

tion :

These several relations confirm the views which were expressed in

Note 263.

364. Photodynamic Sabsidence-Rclation of Earth and Japiter.

The photodynamic projections of y? from Sun's rupturing locus, of the

chief centre of gravity (Sun and Jupiter) from Sun's surf\ice, of the centre

of the dense belt from the chief centre of condensation, and of fi^ from Nep-

tune's locus of incipient subsidence, seem partly to account for the photo-

dynamic gravitating relations of Earth's day and year. The radius vector

of the viscous rupturing locus of Jupiter's incipient subsidence (Note 355)

is 1.0304137. If «3 = 1 year, we have, very nearly if not exactly, the equa-

tions :

^3^3 = 1.0304137?!;^.

«^ = 186135.8 miles.

p^ =93,659,000 miles.

m„ = 830,419 m^.

865. Comervatim Momentum of Vis Viva.

Whether we accept or reject the hypothesis of Lesage, as a literal ex-

planation of gravitating action, it may serve as a convenient concept for

representing activities which are obviously incessant. There are con-

stant centripetal tendencies towards tlie Sun, as well as constant radiations

from the Sun, each varying inversely as the square of the distance, and

each subject to the law of equality between action and reaction. Lesage

supposed that they were opposite phases of a single energy, and his views

are favored by the law of parsimony. If we reject them altogetlier, our

perplexity is doubled, for we have two reactions to account for, instead of

one. Even Newton, Peirce and Helmholtz ; the first, in his hypothesis

of an "ethereal spirit," the others in seeking an equivalent between solar

radiation and solar contraction ; were guided, though less directly, by

the law of action and reaction. In circular orbital motion, centripetal

gravitation continually deflects the tangential path, so as to make it - times

as long as the radial path before the tangential oscillation reverses its di-

rection. The influence of momentum in such a change is represented by

the terrestrial series (Note 303) ; the influence of vis vim, in the stellar-
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photic series (Note 3G3); the influence of both, in the fundamental equality

(Note 321). If there is neither waste nor accumulation of energy, and if

there is a material a^her, theh3^pothesis that the centrifugal action of every

sethereal radiation is followed by an equal and opposite centripetal reaction,

Sind vice versa, is justified by all the known phenomena of the heavenly

bodies.
3G6. Dynamics and Kinematics.

"William B. Taylor delivered an address on "Physics and Occult

Qualities," before the Philosophical Society of Washinsrton, Dec. 2, 1882,

on retiring from the Presidency of the Society. lie discusses with gi'eat

skill and luciditj', the comparative views of the kinematists who hope in

time to resolve all physical enigmas by molecular processes, and of the

dynamists who, "having searched in vain for any plausible co-ordination of

the indisputable facts of cohesion [and other material phenomena] with

an intelligible mechanical agency, simply acquiesce in the result, and

without invoking the unknown or the irrelevant, accept this established

propert}' as ultimate and inexplicable." In one paragraph (p. 30) he says :

"Without the indestructible—unwasting—tensions of molecular attrac-

tion and repulsion, it lies beyond the scope of human ingenuity to devise

or imagine a conservative system," thus corroborating views which I have

been advocating for twenty years. In another (p. 48), he seems to be

somewhat self-contradictory, in saying :
" Under the present system of

dynamic law, it is certain that as radiating and cooling bodies,

'Tlie Stai's shall fade away, the Sun himself

Grow dim with age, and nature sink iu years.'

Nor is there known to science any natural process whereby this cosmic

doom may be either averted or repaired by ulterior reversal." This is

true of kinematics, but dynamic law positing behind itself "an Infinite

Lawgiver," need give no thought to kinematic perplexities and paradoxes.

Force "is attended with no expenditure and is capable of no exhaustion "

(p, 30). In his reference (p. 27) to the experiments of CTUthrie and

Bjerknes, on attractions or repulsions by mechanical vibration, he has

overlooked my own experiments, which were published more than six

years before Guthrie's (Proc. Amer. Phil. Soc, ix, 359 ; x, 151-66). In his

antagonism of the doctrine of " unity of force " (p. 45), he makes no refer-

ence to the identification of velocity, in the most important known mani-

festations of photic, electrical, gravitating and thermal activitj', as shown
in the fundamental equality (Note 321).

367. Anticyclonic Storms.

Loomis, in his 18th Contribution to Meteorolgy {Am. Jour. Set., Jan.,

1831), gives many illustrations of the frequency of anticyclonic storms, to

which I called attention in 1871 (Proc. Am. Phil. Soc, xii, 40). My views

were afterwards adopted in the Signal Service "Suggestions as to the prac-

tical uses of Meteorological Reports and Weather Maps," in magazine and
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newspaper articles by S. S. ol)servers, and in reports of the Chief Signal.

Officer. Prof. Loomis is, perhaps, somewhat unconsciously biased by a

still lurking prejudice in favor of Redfield's views, which disposes him to

trace all rainfalls to "a cyclf)nic movement of the winds about the rain

area." As soon as the rain begins to fall, there must undoubtedly be a

local cyclonism, as I stated (loc. cit., 7); but a careful study of weather-

maps, especially in winter storms and in cases of failing forecasts, satis-

fies me that the origin, of storms is as much anticyclonic as cyclonic.

The frequent instances of snows in a "high" area, with simultaneous

rains in a "low" area, are very instructive. Ferrel's researches show
that cyclonism and anticyclontsm must be companions. It is, therefore,

hardly right to regard either as peculiarly storm breeding. The vera

causa is a blending of moist and cold currents. When the precipitation

begins in a high area, the initial currents are anticyclonic ; when in a low
area, cyclonic. Ferrel's middle-latitude ridge of high barometer also ex-

plains the anticyclonism of our Southern States, to which Loomis refers.

368. " Central Forces and the Conservation of Energy."

Mr. Walter R. Browne (Phil. Mag., Jan. 1883), confirms some of the

views of central force which have guided my own researches, and which
are embodied in Taylor's retiring address (Note 866). He shows that

the conservation of energy requires, and results from the equation

/a 4- b ^ ra
F dx= I ¥ dx;

a J a -\- b

in which two particles, A and B, are alternately receding and approaching

between the distances a and a -{- b ; and that F can only be a function of r
;

"in other words, the force with which A acts upon B always tends

towards A, and varies, if it varies at all, according to the distance from A
only. But this is the definition of a central force." He also refers to his

paper "On Action atadistance" {Phys. Sac, 1881; Phil.. Mag., Dec, 1880),

in which he showed that it is "impossible to explain certain elementary

facts of physics without the hj'pothesis of action at a distance." He de-

duces from the kinetic theory of gases, the conclusion that the collision

"occasions the instantaneous development of a strictly infinite force." In

1876, I showed that "if the theory of Boscovich were true, at the centre,

where p ^ 0, v would be infinite" {Proc. Amer. Phil. Soc, xvi, 304).

These conclusions, as well as Laplace's doctrine of the instantaneous action

of gravity (op. cit. p. 802), are inexplicable by any hypothesis which does

not either recognize spiritual activity or spiritualize its definition of matter.

369. Mean Molecular Excursions.

In discussing the kinetic interpretation of the law of gases, Taylor cites

(Address p. 17) the application of the calculus of probabilities, by which
Clausius inferred "that of the whole number ' f free molecular excur-

sions in a given time (in any large enclosure), those having less than the

mean length will be 0.6331, or nearly double the number of those having

PKOC. AMEK. PHILOS. SOC. XX. 113. 3W. PKINTED MARCH 19, 1883.
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the mean length or exceeding it. The simplicity of thermodynamic rela-

tions in central force (Proc. Ainer. Phil. Soc, xiv, G51), suggests an e([ually

simple means of estimating the proportionate number of mean excursions.

Peirce's views respecting the vis vicao^ rotation (see Pt-oc. Amer. Phil. Soc,

xvi, 300), involve the consideration of the mean moment of inertia, which

is represented by -?-, the momentum bemg represented hy r i/\ =
.632455 r, which differs from the estimate of Clausius by less thaa xV of

one per cent.

370. Cosmical Influence of Rotary Inertia.

We may naturally suppose that, among the many harmonic influences

which have combined in fixing the relative positions of the several planets,

rotary inertia should be represented Among the evidences which

strengthen such a supposition, are the following:

2.5 Mercury, sec. per.,
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The greatest deviations are at Earth's secular aphelion or locus of in-

cipient subsidence, and at Mercury's secular perihelion or locus of in-

cipient projection ; the difference in each case being about five per cent.

(1.0493 and .9507), and the mean difference being zero. The mean devi-

ation of the four dense planets is only j\ of one per cent. The mean dif-

ference in the light belt is about | of one per cent., the greatest being that

of Uranus, 2.5 per cent. The exactness of Jupiter's influence on Asteroids

120 and 61 is remarkable.

372. Conservative Reaction.

It may be readily seen that all the indications ofthe foregoing note point to

a rotary vis viva ofthe several planets, reacting against a similar solar vis viva,

and having no corresponding indications in opposition to the Sun. These

indications arc of a character like those which underlie the investigations

of George H. Darwin, but their influence upon Sun is accelerating, instead

of retarding, while any quasi-viscows tidal influence is retarding, instead

of accelerating. If the two kinds of influence represent equal actions and
reactions, the result would be a precise conservation of centripetal and ra-

diant energies, without any solar expansion or contraction, other than in

cyclic alternations, within limits of an order of magnitude like that of

planetarj' eccentricities. The fundamental equality of Note 321 shows

that Sun's centripetal rotating energy is wholly photodynamic. We may
readily believe that the solar rupturing and expanding tendencies of

planetary rotation represent a purely photodynamic reaction on gravi-

tating action, which is exactly equivalent and opposite. The evidences

of such equivalence in cosmical aggregations should encourage us to look,

with increasing confidence, for further evidences in sethereal oscillations

of various kinds, and especially in the electric and thermal undulations

which are indicated by the fundamental equality. Edlund's researches

point to electric and thermal equivalence of action and reaction, as plainly

as Maxwell's point to electric and photic equivalence, and as my own point

to a like photic, electric, thermal and gravitating equivalence.

373. The Testimony of 3Iars.

The many indications which I have found, of subsidence- orbital rela-

tions between Mars and the asteroidal belt, are supplemented by the direct

and reciprocal influences (2.5 and 1.5; see Note 370), of solar photody-

namic rotation upon the secular apsides and the mean locus of Mars, as

well as upon intermediate positions.

2.5 sec. per.,
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Tlie c;reatest deviation is ^ of one per cent. The two moan asteroidal ac-

cordances are nearly as exact as those in Note 371. All of tlic direct and re-

ciprocal influences are in the asteroidal belt. The direct influence at secu-

lar aphelion (4.341) points to a "viscous" rupturing influence of tlie

Jupiter-Saturnian belt (.4 of 10.855 = 4.342). The exact agreement of the

general means is very satisfactory.

374. Centripetal Influence of Rotary Vis Viva.

Some of my critics have supposed that it would be possible to find har-

monic accordances with series which were taken at random, or with no

known kinetic basis, but none of them have offered anj' such accordances

to confirm their supposition. I have never published any harmonies which

were not the natural outgrowth of well-known elastic laws, and the abun-

dant confirmation which I have found for my anticipations is bej'ond all

cavil or gainsaying. In Note 370 I gave evidences of the centrifugal influ-

ence of rotary vis vica, which may be compared with the following evi-

dences of mean centripetal influence.

I Uranus, m. p., 12.215

^ (Jup. and Sat.), m. a., 7.714

2.5 Mars, 3.809

§ Asteroid 120, 2.081

Earth, s. a., 1.068

Earth s. p., .933

Venus, s. p., .673

Mercury, mean, .387

Mercury, s. p., .297

375. Lines of Force and of Motion.

Taylor (op. cit. p. 28), verj- properly calls attention to the fact that "no
atom can perform an oscillation or a revolution, or follow any other path

than a straiglit line, excepting under the coercion of other atoms attracting

and repelling. The first law of motion is that of- perfect continuity both in

amount and in direction. A shuttlecock rebounding in the empty air would

not be more conspicuously a dj-namic solecism and impossibility than the

kinematists 'vibratory particle.' " His doctrine (/&. p. 9), that elasticity is

"a fiict of nature, a property of matter, which can neither be interpreted

by any form of motion, nor resolved into any mechanical concept," is in

precise accordance with the due regard to "lines of force " which guided

Boscovich and Faraday, and which has been very helpful in my own re-

searches. Mj' first paper on barometric estimates of solar mass and distance

(Proe. Amer. Phil. Soc, ix, 283-8) was attacked by kinematists, because it

violated some of their preconceived notions respecting the composition and
resolution of forces. It did not receive much favor, until the productive-

ness of the harmonic methods showed that the composition and r'^'-olution

of motions, in elastic media, may often enable us to dispense witu intricate

integrations, which it would be diflScult, if not impossible to solve, and that

it is always safer to be guided by the facts of naturj, than by any precon-

ceived theoretical interpretation of those facts.

4 Neptune
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Some Microscopic Distinctions hettceen Oood and Bad Timber of the Same
Species. By Dr. J. T. Rothrock.

{Read before the American Philosophical Society, February 2, 1SS3.)

A cross section of one of our ordinary " liarcl woods " sIioav.s, more or less

conspicuously, pores "nliicli are known as ducts, and which from their rela-

tively large size are distinctly visible to the naked eye ; secondly, it

shows much smaller pores which may, or may not, require the magnifying

glass to detect, and whose Avails constitute the woody fibre of the stick

;

thirdly, we should have (assuming the specimen to be an exogen), the an-

nual rings which mark, as a rule, the limit of each year's growth ; fourthly,

there would be the radial lines extending from the centre outwardly to the

bark, these being the medullary rays or the so-called "silver grain."

If, on tlie other hand, the specimen under observation were one of our or-

dinarj' cone bearing trees, the ducts would be wanting, and the mass of the

section would be composed of woodj' fibre. There may be openings which
will resemble the ducts in hard wood, but instead of showing regularlj* or-

ganized walls, these will be found to represent simply openings left by the

destruction or the separation of the woody fibres. They are by no means
so numerous ordinarily as the ducts in an average "hard wood stick."

Considered from the standpoint of resistance to longitudinal strain, the

strength-giving element of wood is the woody fibre ; and other things being

equal, it is strong in proportion as the fibre walls are relatively thick, and
the fibre cavities relatively small. Illustrating this, we have the following

cross sections of wood fil)res, all magnified 242 diameters : 1, is that of Abies

subalpina (Pumpkin Pine) from Utah ; a timber which is almost worth-

less ; 2, is that of our American Linden ; 3, represents the Butternut (or

Juglans cinerea) ; 4, is the Pig-nut Hickory (or Carya porcina) and 5, is

that of an average specimen of White Oak fibre (Quercus alba). Consider-

ing the areas of the cavities in each of these sections, the "White Oak has

about six times as much wood in its walls, as there is in that of the Pump-
kin Pine—a fact which it must be allowed will go far toward explaining the

difierences in the strength of the two woods. It is true that there may be

difierences in the strength of wood Svhich are due to the molecular differ-

ences involved in the structure of the fibre, but with these we are probably

in no position to deal. The intercellular substance which is destroyed by
boiling in nitric acid and potassium chlorate is to a certain extent an ele-

ment in the strength of wood. .There can be no doubt but that it aids in in-

creasing the friction between the individual fibres, and is therefore the chief

agent by which these are bound together, and thus resist longitudinal strain.

So far as my investigations go, there is less relation T)etween length of fibre

and strength, than there is between thickness of fibre wall and strength.

Some woods acquire additional strength, both longitudinal and transverse,

from a twisting of the wood fibres among themselves. The Rock Elm is a

notable example of this among our larger trees: ; as the Viburnum nudum
or Withe-rod is among the shrubs.
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So fur as the ducts are concerned, while the material of which they are

composed utay be quite as strong as that of the fibres, yet owing to the

enormous cavity they contain, it is apparent that as compared witli fll)res,

tliey must be much weaker ; that in fact every duct is to be regarded as an

element of weakness to the stick. Hence then, other things being equal,

the more fibres and the fewer ducts, the stronger is any given stick of tim-

ber as compared with another of the same species.

The question of durability in exposed positions is quite another thing, and

has no close relation to strength.

Accepting the above facts as proven, mere examination of a cross section

of timber with the naked eye, or at most with an ordinary hand lens, may
afford a reasonably safe way of estimating the quality of a given specimen

of wood.

Associated with the appearance presented by the ducts, and the muss of

fibres, is another element of structure, i. e., that of the annual rings. These

are usually caused as may bo seen (A and B C) b}' the thick, flat cells which

are formed in autumn as contrasted (A and B 7) with the larger ones which

mark the first gi-owth of the ensuing spring. The number of rows which

are thus flattened in the autumn wood is by no means constant. Sometimes,

as in the case of the "White Oak, there being but two, three or four ; or as

in the case of the Chestnut being often about eight, or more ; or as in the

Redwood of California (Sequoia sempervirens) as high as fifteen. As a rule

the color in all these autumn fibres is deeper than in those made earlier.

Hence both shape and color combine to mark the "j-ear's growth."

The term "year's growth" is one which should not be depended upon

too absolutely, inasmuch as it is well known to be misleading at times.

Thus, in the American Linden, one frequently sees a ring more on one side

than on the otlier ; and indications are not Avanting, which would prove

that very frequently several such rings may form in our latitude in a single

season.

There are some facts of practical importance connected with the wood
formed during the season, or to speak more accuratelj', with all the tissue

lying between the denser, flatter fibres which are assumed to be formed in

the autumns of two successive years. In White Oak, as shown by figures

A and B, there may be a great range in the distance between these zones

of flat fibres. Thus fig. B shows that the growth for the year Avas about

twice that shown by fig. A. The former of these figures represents a

good specimen of White Oak, and the latter a bad one, eacli having been

carefully tested for strength by competent mechanical experimenters. In

these instances the reason for the difference in the quality of the wood is

obviously in the relative predominance of solid woody fibre over open ducts

in the g(jod specimen (B), and the lesser quantity of wood as compared
with ducts in (A), the bad. It so liappens that in A the diameter of the

duct (.01-130 of an inch) is greater by far than in the better wood. This can,

however, hardly be regarded as constant. What does appear to prevail in

White Oak is, the fact that most of these large ducts are made earl}^ in the
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season, and tliat whether much or little wood is subsequently formed the

number of the ducts will not greatly vary. Hence, then, for White Oak we
may assert that the specimen with the larger year's growth is, other things

being equal, the better. Very frequently two duct cavities are thrown into

one, so that the width is greatly increased. These may usually be distin-

guished from true ducts by the irregular and disintegrated walls, which

serve to explain the process by which the size was attained.* The above

rule, as to the relation between size of "year's growth " and value, in Oak

I have made the subject of some investigation, taking as test cases speci-

mens of timber upon whose value opinions had been given by the most

competent workers in the wood.

Hickory, good and bad (certainly Carya alba and C. porcina), involves

another element than mere size of the annual ring. Though I must here

add that the best bit of C. porcina I have ever seen was also one that had

the largest year's growth I had ever seen. In this w-ood (Hickorj^), the

large ducts are not so clearly limited in their production to the early part

of the season (especially if the stick be one of poor quality), but are, or may
be, clearh' scattered through the wood. And the quality of the wood is de-

termined mainly by the number and size of these ducts. Thus in bad Pig-

Nut Hickory (C. porcina) I find in a .surface of a quarter of an inch square,

sixtj'-five, each with an average size of .01428 inch ; as against twenty-seven

ducts having an average width of .01224 inch in good Hickory of the same

species.

To a greater or less extent the same statements, as to cause of difference

between good and bad qualities of Chestnut, and Locust (Robinia pseud-

acacia), will apply.

Figure C. illustrates the marked tendency which the ducts have to be as-

sociated in Hickory. It also shows the effect of the growth in pushing aside

one of the medullary rays, 9 b. It is not uucommon, however, in this wood

to find these rays broken by the growth of the duct, and in Oak this is still

less rare. I have frequently seen specimens of bad White Oak which were

as porous as the average Red Oak, the ducts being, as shown by the micro-

meter, quite as great in their diameter.

The medullary rays or "silver grain" appear also to have important re-

lation to value of Oak certainly, and probably of Hickory, to say nothing

of other kinds of timber. The fibres and ducts are ordinarilj- characterized

as the vertical system from the line in which they are elongated. With

equal propriety then the medullary rays are spoken of as the horizontal

system of the plant, because they are elongated at right angles to the fibres

and ducts. From the thick walls of the cells constituting these rays, we
might suppose they had to do with the lateral strength of the timber. This

view is partially confirmed by a microscopic examination of the cross sec-

tion of the different woods ; as upon the whole. Red-wood, Chestnut and

White Pine .show either that these rays are fewer in number or less strongly

* Very often this process of disintegration of tlie wall may convert a true

duct into a mere cavity witliout walls.
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developed than in the Tupelo (Nyssa niultitlora), or in a speeinicn of good

AVliite Oak. . However, in making comparisons of this kind, we must be

careful to make them at points equidistant from the centre ; and to note

whether these rays extend to the centre, or only part way in from the bark

toward the lieart of the tree, as this latter circumstance determines their

age, and also generally their relative strength. In such species of timber as

liave rays extending vertically over two or more inches, as in some

of the Oaks, the ray often indicates the line of easiest splitting, as is often

seen by the effect of drying upon the exposed end of such timber. This is

not an invalidation of the statement that one function of the rays appears

to be to give lateral tenacity, i. e. to such portions of solid wood as lie be-

tween the rays. They form as it were a chain binding the periphery to the

centre, but offer no resistance to the separation of one woody wedge which

they outline, from another such wedge which is placed alongside. If this

be so, then such specimens of wood as have the rays ruptured by encroach-

ment of ducts or by any process of disintegration would be correspondingly

weakened. It is furthermore worthy of note that in such specimens of good

White Oak (Quercusalba), and good Pig-Nut Hickory (C. porcina) as upon

actual trial had proven to be the best, these rays were as a rule either most

numerous, or best developed, or both.

Examined microscopically, the cells making up these rays present an

appearance when viewed from the side like figure D. That is to say they

are quadrangular, thick walled and with numerous thin places in which the

primary cell wall may or may not remain. Their very appearance suggests

a somewhat easy communication between those (cells) which are adjacent,

and thus afford a probable explanation of the fact, that when the starch

made in summer by the younger portion of the tree is being conveyed into

the interior of the branches for Avinter storage, these rays appear to furnish

the most available avenues for accomplishing the work, and micro-chemi-

cal tests show that it is most abundant in them. While these thin or open

places in the cells of the medullar ray usually communicate with each

other, it is remarkable that they are much fewer in the sides toward the ducts

and fibres.

It would be exceedingly interesting to know how for the focts indicated

by this paper would conform to the value of timber as determined by spe-

cific gravity.

EXPLANATION OF ILLUSTRATIONS.

1. Cross Section of Abies subalpina wood fibre X 242.

2. " " Tilia Americana " "X 242.

3. " " Juglans cinerea, " " X 242.

4. " " Carj^a porcina, " " X 242.

5. " " Quercus alba " " X 242.

G. A and B. Flattened cells made in autumn.

7. " " Larger cells which indicate growth of following spring.

8. " " Open ducts seen in cross section.

9. " " Medullary rays.
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A. Cross section of bad White Oak X 13.").

B. " " good " " X i:W.

C. " " (.'arya ])orcina X 112, groupiug of ducts and pushing
aside of Medullary rays.

D. Fragment ofMedullary ray showing the pits or pores in the walls, X 300.

An improvement in the construction of the Jlypsometrical Aneroid. By Dr.

Persifor Frazer.

(Read before the Am,erican Philosophical Society, March 2, 1883.)

While in France last year the idea occurred to the writer to lessen the

weight of the delicate Hicks Barometer by constructing as much as possi-

ble of it of aluminium. Supposing that this could be done without

difficulty, though of course at an increased expense, the writer devised a

case of cork to contain it, and w^rote to Mr. Ilicks of London asking him

to make tlie attempt. After a number of interviews it was finally estimated

that the cost of the new form of aneroid should not exceed £10, or just

double that of the ordinary instrument of brass in a wooden case. Delays

were experienced from the beginning and added very much to the expense

of the instruments when they finally arrived here.

First it was found diflicult to produce an aluminium dial plate with a

graduation of the requisite delicacy and accuracy. Then the internal

supports could not be easily cast in that metal of the shapes necessary to

build the frame for the more delicate moving parts.

Finally the writer was obliged to leave England without having received

the barometers. When they arrived a few days ago the Government duty

on them was $30.40 a piece, added to which Mr. Hicks had found it neces-

sary to increase the original charge of £10 to £15 apiece. In consequence

they cost a little over $105 apiece.

They are, however, creditable to Mr. Hicks's workmanship, and if their

manufacture should increase, could no doubt be obtained at a very much
reduced price.*

In order to prevent the breaking of the cork, by friction on the clothing,

a light canvas cover was added, weighing 50 grams.

The following is a comparison of the weights of the ordinarj- Hicks

barometer with one of them.
Old form. New form.

Case and strap, 400 grams, (wood) 150 grams, (cork)
Aneroid, 1000 " (brass) 400 " (Aluminium)
Canvas cover, 50 "

Total weight, 1400 " GOO "

or 3.09 lbs. (aV.) l.;323 lbs. (av.)

The ordinary instrument weighs, therefore, 2| times as much as the new
form, the weight of the old case being closely that of the new barometer.

*A letter received from ^Ir. Hick«, nfter the above was in print, reiterates
the dithciilties with whicli he contended, and states that notwithstanding the
*;xpeHence gained in making mine, he cannot deliver theui lor less than jei5
apiece.
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Some Comparatim Tables sJiowing the Distribution of Ferns in the United

States of North America. By George E. Davenport.

{Read before the American PJdlosophical Society, February 2, 1SS3.)

The following tables have been prepared for a Text. Book and Manual

of the Ferns of North America (north of Mexico), but are believed to be of

sufficient interest to justify publication in advance.

The attention of botanists is called to them, and their cooperation solicited

in enabling the writer to render them more complete and accurate for final

publication.

These tables are necessarily incomplete in their present form, no reliable

data for all of the States and Territories being readily accessible. The num-

ber of species credited to many of the States might have been increased by

assuming the presence of certain species from their well known geographical

range, but it was thought best to give only those which could be verified,

or had been vouched for by good authority.

Where a doubt exists in regard to the presence of a species said to have

been collected in any State, and such doubt is not sufficient to justify exclu-

sion, the species is credited with a querj^ to indicate the uncertainty of its

verification.

All varieties are excluded except where a variety stands as the sole repre-

sentative of the species itself.

My thanks are due to John H. Redfield, Dr. George Engelmann, Professor

D. C. Eaton, J. Donnell Smith and Wm. Stout for many additions, and it

will further aid me greatly if others will send to me accurate lists of the

species and varieties known to grow naturallj^ in their respective States.

The list of ferns as given below may undergo some changes before final

publication, the numbers correspond to those given in the tables :

1. Acrostichum aureum. 18. Notholsena Lemmoni.

2.
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Delaware—4, 61, 63, 73, 74, 75, 80, 82, 03, 04, 06, 100, 104, 105, ^

112, 113, 115, 118,122, 127, 133, 135, 142, 143, 144, 150, 151, ^ 28*

152. 3

DiST. OF Columbia—4, 47, 61, 63, 74, 80, 82, 02. 03, 04, 06. 100,
^

104, 105, 111, 118, 122, 125, 133, 141, 142, 143, 144, 150, [ 26*

151, 152. 3

Florida—1, 2, 3, 7, 0, 10, 28, 58. 50, 61. 62, 66, 67, 68, 60, 70, 73,

74, 77, 80, 81?, 82, 84, 80, 00, 01, 04, 06. 100, 104, 108, 100, [ 46*

114, 110, 121, 122, 134, 136?, 140, 141, 142, 143. 144, 150, 151,

153, 154. 155.

Georgia-20, 31. 61, 73, 74. 75, 81, 85, 03, 122, 133, 142, 144, 154. 14*

Idaho—61, 04. 102. 3*

Illinois-4, 7. 33, 47, 61, 63, 73?, 75, 78, 80, 82, 03, 04, 05. 06, 07,
")

100, 104, 105, 111?, 118, 122, 123, 124, 125, 133, 135, 142, 143, I
^^*

144, 150, 151. 3
^•

Indiana—4, 7, 31, 47, 61, 63, 73, 75, 78, 80, 82. 87, 02, 03, 04, ~)

06. 100 104. 105, 111?, 115, 117?, 118, 122, 123, 124, 125, [
^^*

133, 135, 142, 143, 144, 150, 151, 152. )
^

Indian Territory—36, 47, 115, 133. 4*

Iowa—4, 33, 44, 61, 63, 80, 82, 04, 05. 0*

) 10*
Kansas—20, 31?, 47, 63, 75, 02, 115, 122, 124, 133, 151. S j.,

Kentucky—4, 7, 31, 35, 47, 01, 63, 66, 75, 78. 70, 80, 81, 82, 85. 86,
") ^^^

87, 02, 03, 04, 05, 06, 100, 104, 105, 111, 113, 115, 118, 122, [

124, 125, 127?, 133, 135, 137, 141, 142, 143, 144, 150, 151, 152?. )
"

Louisiana—7, 61, 63, 73, 14, 80, 02, 03, 04, 05, 100, 104, 105, 100,
(

111, 114, 122, 125, 142, 144, 150, 151, 153. j
~^

Maine -4, 61, 63, 73, 80, 82, 04. 05. 06, 07, 100, 102?, 104, 105. 110, ")

111, 112, 113, 115, 118, 122, 123, 124, 125, 127, 133, 135, ^.

^*

142, 143, 144, 145, 148, 140, 150, 151, 152. 3
^'''

Maryland—4, 31, 61, 63, 73, 74, 75, 78, 80, 82, 85, 87, 03, 04, 05,
'\

06, 100, 104, 105, 111, 112, 113, 115, 118, 122, 124, 127, 133, t 36*

135, 141, 142, 143, 144, 150,. 151, 152. 3
Massachusetts—4, 44, 47, 61, 63, 73, 74, 75, 80, 82, 87, 02. 03, 04.

^
05, 06. 07. 100, 104, 105, 111, 112, 113, 115, 118, 122, 123,

|

124, 125, 127, 133, 135, 141, 142, 14.3, 144, 145, 148, 140, ' 42*

150, 151, 1.52. J

Michigan—4, 43, 44, 47, 61, 63, 73, 74, 75, 80, 82, 87, 02, 03, 04, 05,
^

06, 07, 00, 100, 102, 104, 105. 110, 111, 112, 113, 11.5, 117, ( .„^

118, 122, 123, 124. 125, 127, 131, 133, 135, 142, 143, 144, 145, (
*

146, 148, 140, 150, 151. J

Minnesota—4, 31, 44, 47, 61, 63. 75, 03, 04, 05, 07, 100, 104, 110, )

111, 115, 118, 123, 125, 127, 130, 143, 1.50. 151.
J

^'**

Mississippi-7, 66, 73, SO, 04, 06, 100, 122, 142, 144, 150. 11*
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Missouri—4, 7, 20, 31. 33, 35, 47, Gl, 63, 66. 75, 78, 80, 82, 92, 93,
^

94, 96, 100, 104, 111, 118, 123, 124, 125, 133, 135, 142, 143,
^ 33*

144, 150, 151. 153. J

Montana—4, 97, 99, 111, 122. 124, 125, 127, 150, 151. 10*

Nebraska—4, 33, 44, 47. 61, 63, 75, 80. 82, 92. 94. 95, 96, 90, 104, ^

105, 110, 111, 113, 118, 124, 125, 127, 133, 135, 143, 143, 144, - 30*

150, 151. 3

Nevada—37, 103. 2*

New Hampshire—4, 44?, 47?, 61, 63. 73?, 75?, 80, 83, 87?, 93, 94, 95.
^

97, 100, 102. 104, 105?, 110, 111, 112?, 113, 115, 118, 122, 123.
J-

124, 125?, 137, 138, 133, 135, 143, 143, 144, 148, 150, 151, 153. )
°'

New Jersey—4, 31, 44, 61, 63, 73, 74, 75. 79?, 80, 83, 83, 85, 87, 93,
")

94, 96, 100, 104. 105, 111, 113. 115, 118, 133, 134. 135, 137, - '^

133, 135, 138. 141, 143, 143, 144, 149, 150, 151, 153. J

New Mexico—12, 13, 14, 16. 19, 20. 21?. 26, 28?, 29. 33. 34, 36, 37, ) ^^^
40, 47. 48?, 49, 50?, 54, 55?, 56, 66, 81, 82, 88, 124, 131? 132, ~'^

"

31*

i 6?
133, 139.

New York—4, 31, 44, 47. 61, 63, 73, 74, 75, 76, 79, 80, 82, 85, 86,

87, 92, 93, 94, 95, 96, 97, 100, 103, 104, 105, 110, 111, 113, [ 53*

113, 115, 118, 133, 133, 134, 135, 137, 138, 139, 133, 135, 141,

143, 143, 144, 145, 146, 148, 149, 150, 151, 153. J

North Carolina—4, 7, 29, 31, 35, 47, 61, 63, 66, 74, 75, 78, 80, 81, "j

83, 85, 87, 92, 93, 94, 96, 100. 104, 105, 111, 118, 122, 124, ^ 39*

135, 137, 133, 135, 141, 143, 143, 144, 150, 151, 153. )

Ohio—4, 7, 47, 61, 63, 73, 75, 80, 83. 87. 93, 93, 94, 95, 96, 97, 100,
^ ^^^

104, 105, 111, 113, 115, 118, 133, 133, 134, 135, 137?, 133?, V
^.^

135, 142, 143, 144, 150, 151, 153. J

Oregon—4, 5, 6, 8, 11, 34, 43. 46, 57, 61, 63, 64. 71, 83, 94, 97, 98, ] ^^^
101, 111, 134, 130, 131, 133, 151. )'

Pennsylvania—4, 31, 44, 47, 61, 63, 73, 74?. 75, 78, 79, 80, 82, 85, ^

87, 92, 93, 94, 90, 97, 100, 102, 104, 105, 111, 113, 113, 115, ( 49*

118, 133. 133, 124, 125, 127, 133, 135, 141, 143 143, 144. f 2?

148?, 150, 151, 152. J

Rhode Island—4, 61, 63, 73, 74, 75, 80, 82, 93, 94, 95, 96, 97, 100, ^

104, 105, 111, 113. 113, 118, 133, 133, 124, 125, 137, 133, 135, [- 34*

141, 143, 143, 144, 150, 151, 152. )

South Carolina—7, 73, 80, 82, 84?, 109, 150, 153, 154. - ^,

Tennessee—7. 39, 35, 61, 63, 75, 76. 78, 81, 83, 85, 86, 87, 100, 111, )

134, 135, 133, 135, 137, 141, 153. j" 23*

Texas—7, 13, 13, 14, 15, 16. 20, 26, 28, 29, 30, 33, 35, 40, 47, 48, 49,
^

50, 54, 55, 56, 61, 65, 66, 80, 81, 82, 109, 120, 131, 133, 133, '- 35*

139, 153, 153. J
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Utah—23, 24, 33, 43. 45, 57, 61, 63, 66, 94, 99, 103, 117, 130, 131. 15*

Vermont—4, 44, 47, 61, 63, 73, 75, 80, 82, 83, 87, 92, 93, 94, 95. 90,^

97. 100, 102, 104, 105. 110, 111, 112, 113. 115, 118, 122, 123, [ ^.^
124, 125, 127, 128, 129, 133, 135, 142, 143, 144, 145, 148, 149, I

^

150, 151. 152. J

Virginia, including W.Va.—4, 7, 31, 35, 61. 63, 66, 74, 75?, 80, 81,

82, 85, 87. 92, 93, 94, 97, 104, 105, 111, 113, 115, 118, 124,

127, 133, 135. 141, 142?, 144?, 150, 151.

Washington Territory—4, 5, 8, 11, 34, 43. 57, 61. 63, 71, 82, ) oi*

94, 99, 101, 103, 111, 124, 130, 145, 150. 151, 152.
j 1?

Wisconsin—4, 31, 33, 44 47, 01, 03, 75, 80, 82, 92, 93, 94, 95, 97, ^

100, 104, 105, 110, 111, 113, 115, 118, 122, 123, 124, 125, 127, I 35*

133, 135, 142, 143, 144, 150, 151. J

Wyoming Territory—57, 131, 145, 150. 4*

Remarks. No positively accurate comparisons can be made from the

incomplete data furnished by these partial tables, but so far as now known.
New York, Michigan, Florida. Vermont and California, in tlie order

named, have the greatest number of species of ferns within their respective

limits.

In the first, second and fourth of these States, the number has, in all

probabilit}^ reached, or very nearly reached, its maximum, while in the

third and fifth it is likely to be largely increased, and those States from

their favorable situations, climates, and comparatively extensive, unex-

plored territory, will, undoubtedly, lead all other States in the future.

Arizona and Texas alone being at all likely to compete with them for the

highest place.

If, however, we distribute our ferns according to the number of square

miles of territory which each of the five first named States contains, then

Vermont will lead the others, her ratio being as 1 fern to every 226? square

miles, that for New York as 1 to 814, Michigan 1 to 119U, Florida, 1- to

1289, and California 1 to 4295^ square miles of territory.

Taking the extremes of the territorial limits, excluding the District of

Columbia, which has 1 species to each 2^ miles of territory, Rhode Island

gives us 1 species for each 3S|^, and Delaware 1 to 75, as compared with

Pennsylvania's 1 to lOOj, Colorado's 1 to 4200 and Texas 1 to 7878| square

miles.

If we take an average of the fern flora for the different geographical

sections of the United States, on the basis of the present list, New
England gives us an average of 40 species for each State, the Middle
Atlantic States 40, the South Atlantic 27, the Gulf States 23. and the

Central States 25. the Pacific States 23. and the Territories an average of 19.

Tlie returns from most of the Territories are altogether too meagre at

present to permit of any comparisons, and those already made will neces-

sarily undergo considerable modification as the gaps in the lists for other

States fill up.

But while no absolutely reliable comparisons can be made, nor the pre-
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cise limits of each species be determined from the present incomplete

tnbles, we may ascertain from them, with a tolerable degree of certainty,

the range of certain species, and find material for some interesting observa-

tions.

Thus we find the cosmopolitan Asplenitim tricJiomanes and Pleris aqui-

lina in thirty-five and thirty-nine, out of the forty-eight States and

Territories respectively, while their actual presence in a greater num-
ber may be safely assumed. Polypodium vuJgare appears in thirty-

three, with the same, or an even greater probability of its occur-

Ing in others in its favor, while its near congeners, P. cnlifornicum,

and P. falcatum, as well as P. scouleri are restricted to two or three States.

Of the remaining Polypodiums, all but iacanum, which appears in twelve

States are restricted to the single State of Florida, which furthermore

monopolizes all the species we have in six genera, the tropical character

of these being at once indicated by this fact.

The onl}^ other State (since the discovery of Scolopendrium in Tennessee

has divided with Xew York the honor of that ferns presence) which may
now claim a monopoly of a genus is New Jereey, the very local Sehizma

being restricted to a portion of its limits and again restricted to a single

species.

Adiantum pedatum occurs in thirty-five States or Territories, while its

congener, A. capillun-veneris, is restricted to thirteen, and the tropical A.

tenerum to a single State.

The Osmundas are represented by one or more species in twenty-nine,

Onoclea in twenty eight States or Territories, and these probably occur in

more, although not reported west of the Rocky mountains. 0. sensibilis

extends as far west as Dakota and Montana, and in the last mentioned

Territory is said to have been discovered in a fossil state.

Cysfopteris frarjilis extends from Maine to California, through thirty-

three States and Territories, apparently avoiding the South Atlantic and

Gulf States, with the exception of Xorth Carolina, while C. huVnfera occurs

in twenty-five, covering a more unequal, but broader i-ange south and

west, the limits of which terminate in Louisiana and Dakota. C. montana

so recently discovered in Colorado by Brandegee is reported elsewhere in

the United States only from Alaska. The Aspidia are represented in forty-

four, the Asplenia and Botrychia in forty-one States or Territories each,

while the drought-resisting Gymnogrammes, Notholisnas, Cheilanthes,

and Pelkieas are almost wholly restricted to the arid regions west of the

Rocky mountains, a few scattering species only coming East, Xorth or

South.

It is interesting to note the changes which have taken place in the num-

ber and distribution of our ferns since Redfield published his valuable

paper on the "Geographical Distribution of the Ferns of North America,"

in the Torrey Club Bulletin for January, 1875, and Watt, his admirable re-

view of Mrs. Lyell's Hand-Book in the Canadian Naturaliit for 1870. Mr.

Redfield enumerated 125 species, which have been increased up to the pres-

PROC. AJIER. PHILOS. SOC. XX. 113. 3r. PRINTED M.\RCH 30, 1883.
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ent time to 153 or 15G, according as we may consider the claims of ccrtaia

ferns to specific rank, or their riglit to a place in our fern-flora, while the

range of the older species has been more or less extended.

Taking the number in the list accompanying this paper for a basis, viz.,

155, we have an increase of 30 species since 1875, and we may confidently

expect a still greater increase as the vast regions of Arizona, New Mexico

and Western Texas are more thoroughly explored.

Fournier enumerates 505 Mexican species, of which number onlj"" 55 are

known to occur within our own limits ; but how many of the remaining

450 are lurking in thecaiions this side of the Mexican border, to reward the

patient search of keen-eyed botanists, remains yet to be made known.

SUPPLEMENTARY.

The foregoing tables were prepared in March, 1882. Since that time

several additions have been made to our Fern Flora, and many additional

credits noted ; these have so changed the status of the leading States as

given in the text, and are so interesting for comparisons by which to mark
progressive changes in the future, that it seems best to place them on rec-

ord here in a separate note.

By the certain addition of 7, and the probable addition of 1 or 2 more to

the entire fern flora of the United States, our list is increased from 155 to

162 or 164.

Numbers 94, 99 and 151 are to be credited to Alaska ; 45, 131 and 124

to Idaho ; 117 to Washington Territory ; 124 to Utah, and 97
(
Var. ealca-

reum) to Iowa.

California by the addition of numbers 24, 99, 117 and 154. advances

from the fifth to the second place, and, if a little Woodsia lately received

from Lower California proves to be obtusa, as seems probable, and the

doubtful credits were verified, would lead New York.

Florida by the addition of Polypodium Stcartzii takes rank for the pres-

ent with Michigan, although if we concede the presence of the doubtful

credits ^licliigan will still lead by one species and take rank as third, a

position, however, which she would be almost certain to yield up, perhaps

before the close of another season.

Arizona by the addition of 81, 120, Polypodium thyssanolcpis, Pellma

marfjinata, Chcilant7i.es lendigera, Cheilanthes sp.? Notholmna

AscJienhorrdann, Asplenium monnnthemura, Asplenium Glenniei and
Aspidium sp. ? pushes rapidly to the front, contests the honor of

third position with Florida and Michigan, and threatens before long to

become a close competitor for the leading place.

Glancing over the entire field of our Fern Flora at the present time, it

is safe to assume from the nature of her territory, and the close proximity

of an extensive and almost unexplored mountainous area to a portion of

Mexican territory rich in ferns, that Arizona in time will lead all the other

States in the wealth of her fern flora.
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Obituary Isotke of the Rev. Dr. Charles Porterfield Krauth, By F. A.

Muhlenberg.

(Read before the American Philosophical Society, March 16, 1S83.)

Both sacred and profane liistoiy is largely made up of biography. It is

true, great events are also therein described, as intimate!}^ connected with

the life of man ; bat human beings themselves have ever been a more in-

teresting study, than the changes produced by their agenc}'. Man is the

most luminous point, in the prose, or poetic narratives, found in the litera-

ture of all nations. His successes, his triumphs over obstacles, material

and spiritual, as well his reverses, have been handed down, to successive

generations, to imitate or avoid. Nations, civilized or uncivilized, have

exalted through their bards, historians and orators, the fame of those, most

eminent among tliem, in the varied departments of human enterprise or

ambition, and have deposited these accounts in their archives, that the

memor}^ of their noble deeds might thus be perpetuated. Tlie intuitions

of the race have thus prompted them to pay a proper tribute to the divine

and eternal in men. Thus the example of those most distinguished for

their virtue, their learning, their benevolence, their skill, has always

been a beacon light, to " allure to brighter worlds, and lead the way."
Such pi-inciples have, no doubt, influenced this venerable and honorable

Society, to adopt the rule of having an Obituary Notice on the decease of

one of its members. In accordance, therefore, with the wishes of this

Societj^ and by the request and appointment of its honored President,

we have prepared the following sketch of our lately deceased, much be-

loved, and illustrious member, Charles Porterfield Krauth.

The subject of our sketch was born in the town of Martinsburg, Va.,

March the 17th, 1823. His father was the Rev. Charles Philip Krauth, at

that time pastor of the Lutheran Churches of Martinsburg and Shepherds

-

town, Va., and his mother's maiden name was Catherine Susan Heiskell,

of Staunton, of the same State. Charles Philip Krauth was a native of

Pennsylvania, having been born in Montgomery county, and was care-

fully educated in private in Greek, Latin and French by his father, who
had emigrated to our State from Germany, in the capacitj^ of teacher

and organist, being a member of the German Reformed Church, whilst

his wife was a Lutheran, and a native of this country. After the comple-

tion of his preparatory studies, under his father, having a preference for

medicine, he pursued, for a time, his medical studies, as a pupil of Dr. Sel-

den, of Norfolk, Va., and attended one course of lectures in the University

of Maryland. From a conscientious change of views as to his duty, he
abandoned medicine for the ministry, became, first, pastor of the churches

in Virginia already mentioned ; then in 1827, of St. Matthew's Lutheran

Church in this city, whence he was transferred, in the year 1833, to

Gettysburg, Pa., to become "Professor of Biblical and Oriental Litera-

ture," in the Theological Seminary of the Lutheran Church, there located.
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and siihsefiuentlj' was elected President of Pennsj-lvania College, at the

same place, in which useful and important positions, he labored with great

fidelity and success, until his death in the year 1867, in the 71st year of

his age.

The life, employments, and character of the elder Dr. Krauth, had so

much to do with the usefulness and exalted fame of his son, Charles

Porterfield Krauth, that the writer felt it to be necessary to give the above

particulars with reference to him, and to append a few statements from

some of those who knew him best, in regard to his extraordinary ability

and excellence. In this way, we can obtain clear views of the genial and

ennobling influences under which the younger Dr. Krauth was reared.

One of his most intimate friends, long associated with the father whilst

he was President of Pennsylvania College, in an interesting sketch of his

life, says of him : "A character so near perfection, a life so almost blame-

less is seldom found. He was one of the purest and best men that ever

lived." Another friend, now Professor in Columbia College, gives us this

estimate of him :
" For me his character possessed attractions perfectly

irresistible, and I loved him with an intensity that beggars description."

A third gentleman, who spent a week with him at a comparatively early

period of his life, remarks: "His conversation was so instructive, his

counsels were so Avise, his manners were so gentle, his spirits so buoyant

that I learned more practical wisdom than in an)' other week of my life."

It was the good foriune of the writer to know, and be intimately associated

with this eminent man, for seventeen years ; and it gives him pleasure to

testify to the accuracy of his scholarship, soundness of judgment, keen

perception, warmth of heart, eloquence of speech, nobility of nature, and

eminence of Christian character. "He had," to use the terse language of

a writer in Johnson's Encyclopiedia, if I mistake not, his own son, re-

cently deceased, "every quality which ensures a large distinction, except

ambition."

Born of such parents, surrounded continually, from his earliest years,

by such favorable influences for the improvement of his intellectual and

moral powers, we have no difficulty in recognizing the cause, and in pre-

dicting, from such antecedents, the certainty of the future eminence of

our lamented fellow-member. He had the same eminent endowments of his

revered father, in an intensified form ; the same keenness of perception,

eloquence of speech, soundness of judgment, richness of imagination, and

warmth of heart. Through his mother, he was, perhaps, also gifted with

a vivacity greater than that enjoyed by his father. He thus united in him-

self the sober self-control of the Penusylvanian, with the sprightliness

and exuberant emotion of the Virginian. These native endowments were

expanded also by early and constant companionship with his father, "who
knew all literature," and his profoundly learned friends, "who knew all

philosoph)'," and access to, and use of the valuable library he possessed.

In society, as well as in the case of individuals, auspicious influences for

growth, become cumulative, and a maximum good result is the product of
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their combination. Children often thus exceed in eminence illustrious

parents, by the possession of accumulated endowments, and the faiihful

use of increased opportunities of culture.

The son continued under the more immediate care of his father during

the remainder of his ministry at Martinsburg, his pastorate in Philadelphia,

and the earlier years of his residence in Gettysburg. After the removal

of his father to the latter place, he became a student in Pennsylvania

College, and was graduated there in the year 1839, in a class of fourteen

members, most of whom are now deceased.

As the bud conceals within itself the beauty of the future flower, so do

the unfolding powers of the youth foreshadow the direction, and extent

of the excellence of the fully developed man. From personal recollec-

tions, but chiefly from letters from some of his j'et surviving classmates,

and intimate friends, we can say something of the peculiar traits of char-

acter he exhibited when he was a student in college, or in his boyhood ;

lor he was still a boy, at least in j^ears, having become a college graduate,

when he was but sixteen years of age.

The writer spent one session of a collegiate year at Gettysburg, fifty

years since, with him whose earthly career has so recently terminated in

such golden radiance. He cannot speak very confidently of him at that

time, for in consequence of being older in years, and having removed to

another institution, he was but seldom thrown into his society. ]\Iemory,

however, still retains the image of his personal appearance, a frail, atten-

uated form, apparentl}'' destined to a brief period of existence. He is not

able to speak, from his own personal knowledge, of his intellectual pecu-

liarities, for the reasons already mentioned, and because, at that period,

when he was about ten years of age, they had not yet been sufficiently

displayed to form any satisfactory judgment. He can affirm this much
of him, that he never thought at that time that he was destined to survive

long, or to attain such extended and deserved fame in letters.

The writer's deficient knowledge is fully supplemented by letters which

are before him, of his fellow-students and classmates, in which he is

graphically presented to us, as he appeared to them. One of these, now a

Doctor of Divinity in the Presbyterian Church, speaks of him, "as hav-

ing inherited some of his father's easy-going disposition, but capable of

great passions, and great efforts," "fond of fun," "an inveterate punster,"

"sarcastic," having "a ready and comical trick of exaggeration," a great

lover and declaimer ot Shakespeare, and of large literary culture. Another

classmate, the Rev. Dr. Charles Hay, of the Lutheran Theological Seminary

at Gettysburg, in a letter to the writer, in which he says, "they were

boys together, and bed-fellows for a year," speaks of his departed friend in

the most kindlj^ manner, and gives a very satlsfactor}^ account of his whole

student life. The whole letter would be useful in print, but the limits to

which we have to confine ourselves, will allow us only to quote so much
of it as will be sufficient to give us a clear idea of his intellectual peculi-

arities at that period of his lite. He remarks : "The cast of our brother's
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mind was metaphysical. He deliglited in the English studies of the col-

lege course (with the exception of mathematics), and in these easily dis-

tanced his seniors, some of whom numbered twice his years. He was a

voracious reader, devouring with avidity almost every thing that he could

lay his hands upon. Thus absorbed, he became oblivious to the lapse of

time, and was frequently, we may almost say, habitually negligent of the

proper preparation for the regular recitations. * * * His mind worked
with amazing celerity, and his fund of general information was remarka-

bly extensive in one so young. * * * The drudgerj"^ of routine was

always distasteful to him, and he had often, in the recitation room, to be

aroused from a reverie, into which his poetic fancy had led him away, as

into the dreamland, where he loved to linger. With a keen sense of the

ludicrous, he seemed unable to resist the temptation to make sport of the

unfortunate weaknesses and blunderings of the less active minds around

him. The youngeU in a large class * * * he found abundant op-

portunity for the display of his lively wit, which, with all its native kind-

liness and playful geniality, was sometimes the reverse of welcome to those

at whom it was aimed." Tiiose who had constant opportunities of seeing

Dr. Kraulh in his subsequent life, will recognize the coincidence of this

accurate portraiture of his early life with the features of character he dis-

played, almost to his dying hour, the only difference being that they were

placed more under the control of reason, and their rough edges had been

removed " by his native kindliness," made more kindly, by continual ad-

vances in Christian principle and love.

His collegiate career was now closed, and it was necessary for him to

decide upon a profession, in which he might more usefully employ his

native and improved capacities. I do not think he was long in coming

to a conclusion ; for tv.'^o years before his graduation, in connection with

the dear friend already named, he had determined to devote himself en-

tirely to the service of the Redeemer, and had been admitted, by the rite of

Confirmation, to the communion of the Christian Church. On the occasion

when these two interesting youths made up their minds to take this decided

stand, Dr. Hay remarks that the elder Dr. Krauth, intensely interested

for the welfare of his son, made a most fervent prayer in their behalf, and

he gives his conception of it, by exclaiming :
" Such a prayer !" And the

same thing is alluded to by another, well acquainted with the facts, who
remarks: "Many there are who will never forget that prayer. * * *

A prominent lawyer in the State, and an elder in the Presbyterian Church,

ascribes his usefulness to the influence of that prayer." The elder Dr.

Krauth was inimitable for the fervency and pathos of his supplications on
all occasions.

This first determined step of the son on the side of Christianity, in con-

nection with the instructions, wishes and prayers of his venerated fatlier,

prepared the way for the second, the devotion of himself to the church in

the ministry of the gospel. The loving father of our lamented friend

experienced greater joy, without doubt, in this determination of his son
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to devote himself to the holy and responsible ofBce of the ministry, than

did Philip, of Macedon, when he counted himself happy, not so much on

account of the birth of a son, as because he had an Aristotle to conduct

his education. Acting in accordance with this purpose, the subject of our

notice entered the Theological Seminary of the Lutheran Church, at Get-

tysburg, as student, and finished his theological course, in the Institution

in which his own father was one of the professors, in the year 1841, and

first was licensed in the same year to preach the gospel by the Synod of

Maryland ; and then ordained, by the same ecclesiastical body, to the holy

office of the ministry, when he was but nineteen years of age.

The preparatory stages of his education are now over, and he enters into

the arena of conflict. Nearly one-third of his life, as we now know, had

been passed in the work of preparation ; the remaining two-thirds were

to be spent in more active eflorts for the good of others ; in the further

development of his powers, and in extending his studies in new and more

difficult fields of intellectual toil. As we intend to contemplate his suc-

cessful efforts, during this latter period, as preacher, editor, theologian

and philosopher, as well as his estimable qualities as a man, we regard

it to be both useful and necessary, before proceeding with the considera-

tion of the topics, to give a condensed summary of the facts with refer-

ence to the positions he occupied, whilst discharging these different offices.

His regnlav pastO)'ate of Lutheran churches extended from 1842 to 18G8
;

at Baltimore from 1842-47 ; Martinsburg, Sliepherdstown and Winchester,

successively fmm 1848-55 ; Pittsburg, 1855-59 : St. Mark's, Philadelphia,

1859-64 ; St. Stephen's, in the same city, 1886-68, including ten months

spent in the islands of St. Thomas and Santa Cruz, West Indies, and a

short temporary service at St. John's Lutheran Church, Philadelphia, in

the absence of the regular pastor. Though not a regular pastor alter this

period, he continued to preach, when requested, throughout his life. He
was elected " Norton Professor of Systematic Theology and Ecclesiastical

Polity," in the Lutheran Theological Seminary at Philadelphia, in the year

1864; "Professor of Intellectual and Moral Philosophy " in the Univer-

sity of Pennsylvania in 1868 ; Vice-Provost, in 1873 ; the subject of Logic

was added to his chair in 1874, and that of History in 1881 ; and these

positions he held with distinguished ability until his death.

Besides these positions as professor, he was editor of the "Lutheran and

Missionary," from 1861-66 ; Trustee of the University of Pennsylvania

from 1866-68 ; President of the General Council of the Lutheran Church

1870-80. He was likewise a Member of the Oriental, Philosophical and

Historical Societies of this State ; and also of the Committee for the Re-

vision of the Scriptures. In each and all of these important positions,

his profound learning and wisdom were eminently useful, and greatly

appreciated by his distinguished associates.

A few particulars, of a more private nature, are here also added, to give

this part of our sketch completeness. He was twice married ; in 1843, to

Miss Susan Reynolds of Baltimore ; and in 1854, to Miss Mary Virginia
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Baker, of Winchester, Va. The degree of D.D. was conferred upon him,

by Pennsylvania College, in 185G ; and thatof LL.D., by the same Institu-

tion in 1874. He spent the summer vacation, in the j'ear 1880, in Germany
;

gathering information, and visiting places, for a Life of Luther, which he

had been requested, by the Church to which he belonged, to prepare ; but

which we deeply regret he did not live to complete ; the same period in

the summer of 1881, he was visiting Canada, for the benefit of his health,

during which time he wrote his, " Cosmos." the last one of 1882 he was

at Mt. Desert Island, on the coast of Maine ; and his death occurred,

January 2d, 1883.

It will be seen, from the preceding particulars of his life, that his labors

were divided between two professions, often either permanently, or tem-

porarily conjoined, in aim and usefulness closely allied with each other,

that of the ministry and professor in institutions of learning and religion.

Whilst our friend had qualities of mind and heart to make him useful, in

either of these professions, he frequently informed me, that he much pre-

ferred the chair of the professor to the pulpit. Nor was this owing to the

fact, that his pastoral labors and pulpit efforts had not met with the

approval of the people, or had been wanting in success ; but because he

believed, that the sphere of influence for good was wider in the former,

than in the latter.

We know, from the best evidence, that both in the country, as well as in

the city, in the congregations he served, he was highly honored for his

abilit}^ in the pulpit ; and greatly esteemed and beloved for his personal

character. With increase of years and experience, he gave increasing

satisfaction, and acquired additional fame. A few, it is true, found fault

with the peculiar tones of his voice, and peculiarities of attitude, in his

early ministry ; and some, at a later period, with the labored character of

many of his written discourses, but his greatness was generally recog-

nized.

These slight defects of manner disappeared with increase of years, so that

the tones of voice and mode of delivery became agreeable, and little open

to censure. He preached both with, and without a manuscript. His writ-

ten discourses displayed more fully his imaginative power, beauty of ex-

pression, and the depth and extent of his learning; but his unwritten

ones, the pathos and force of the eloquent orator. When he spoke with-

out notes, his words were, like those of his excellent father, who always

used this method of preaching, for the pleasure and edification of the

people. It was then, that " the common people heard him gladh', " whilst

his written discourses were better adapted to a higher grade of hearers.

The latter class of auditors were carried away with admiration for his

learning and great ability ; whilst the former were instructed and deeply

moved, by the glowing words whiqji welled forth spontaneous!}' from his

loving heart. The writer recalls to mind four separate occasions, espe-

cially, when he had the pleasure of listening to his preaching. The earliest

one was in the year 1804, during a rebellion of the students in Pennsyl-



1883.J bl9 [Muhlenberg.

vania College, against the Faculty of the Institution, on account of dis-

satisfaction with the distribution of college honors. The theme selected

by the speaker, on this occasion, was the conduct of Rehoboam, in listen-

ing to the advice of the young men, instead of being guided by the counsel

of the more aged, wliereby the kingdom of Israel was rent into two parts.

The subject was handled with such excellent judgment, and^reat power,

that its eflFects were very marked upon the minds of the intensely excited

youth ; and contributed largely in bringing them again under the control

of reason and Christian principle. Another very elaborate sermon, on
the distinguishing peculiarities of the Lutheran Church, marked with all

the profundity of thought, copiousness of illustration, vigor and beauty of

expression, which are found in his written and printed sermons, the writer

heard with great satisfaction, on two separate occasions ; when it was
listened to and admired by the large audiences, before whom it was de-

livered, with enraptured attention. The last two, however, which were
delivered without notes, and without much previous preparation, made
the greatest impression upon the mind and heart of the writer ; one, de-

scriptive of the mission of the Saviour, based on the passage : "He went
about doing good ;" the other, within quite a recent period, explanatory

of the verse :
" the whole creation groaneth and travaileth in pain to-

gether until now." This was a grand eflFort, and was upon a subject

which seems to have been, at this period of his life, a favorite one with

our departed friend, for it is alluded to in one of his last literary publica-

tions, the "Cosmos," in the two following stanzas :

" Yet the world we may not love,

Melts into a happier day.
When at God's transforming word
Sin and death shall pass away.

• Oh, for that transcendent change
Which her bridal shall recall,

And with rohes of spotless white
Cover o'er her crimson pall."

There are, lying before me, quite a number of his printed discourses,

sermons and essays, in volumes appropriated to such literary productions,

belonging to different periods of his pastoral life ; they all present the same
general features of excellence, and defects. They are full of inventive

and imaginative power, display great extent of reading and profundity of

thought, but sometimes, owing to the neglect, perhaps, of mathematical

study during his collegiate course, are deficient in perspicuity, by a too

abundant accumulation of particulars, or variety of illustrations. This
characterizes more especially his earlier writings ; after he turned his atten-

tion more fully to philosophical study, there is a marked improvement,

in precision of statement, perspicuity and terseness of expression. Our
limits will not allow us to quote any passages in proof of our assertion.

The pastoral life of our fellow-member prepared the way for his pro-

found studies, as a theologian and theological professor. Circumstances
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might have so iuflucncoil him, as to have conducted him on to the further

cultivation of the imaginative and poetic element of his nature, as it was
manifested in his collegiate life, and in his first sermons ; but he was led

by what we might call an accident, but which, no doubt, was the provi-

dence of God, to the more complete improvement of the rational faculty
;

and then he was turned aside into the domain of logical and speculative

theology. In the list of his published writings, during the period from

his ordination to the ministry, to the time of his election to the theological

professorship, numbering twenty-six, more than half of the entire num-
ber arc profound papers on theology and psychology. In one of them,

written in 1858, which contains an account of the bibliography of the

Augsburg Confession, there are twenty pages of the "Evangelical Re-

view," taken up with the list of titles of books on the subject, one hundred or

more in number, all, or most of which, he had in his own library. He must

have had at that time, the idea in his mind, for some reason or other not

known to us, that he was to be distinguished as a theological professor
;

and with a view to this, had already commenced collecting that valuable

library, in this special department, which at his death amounted to 14,000

volumes, and had cost him $30,000. Many of these papers, on the, "Re-
lation of the Confessions to the Reformation ;" the "Lord's Day ;" "The
Mass ;" "Liturgies," &c., were modified, improved, and inserted with his

latest views, in his greatest and best book : "The Conservative Reforma-

tion," which first appeai'ed in the year 1871.

How this particular direction was given to his studies, we are taught

by one of his friends, whom we have already quoted. He remarks, that

he asked on one occasion, the elder Dr. Krauth, how his son, "the poet

and preacher," was changed into " the theologian and controversialist,"

and he replied, that it was owing to the fact, that he had presented to his

son "Charles," a copy of Chemnitz, who was a distinguished Lutheran

theological champion, in the era of the Reformation, against the dogmas

of the Roman Catholic Church, as laid down by the Council of Treat.

This, so far as known to us, was the first stimulus given, for the intensified

development of his native turn, for speculative truth. The same kind of

studies was pursued, and the same kind of writing continued also during

the five years, from 1861 to 'GG, whilst he was editor of the "Lutheran and

Missionary." And though the poetic vein often re-appeared in him, in all

the subsequent years of his life, and was exercised in the composition of

fugitive pieces of poetry, either original or translations, the burden of his

work was of a controversial character, on the subject of liturgies, diver-

gencies of theological belief and kindred matter, during all this time.

These discussions were conducted with amazing skill and learning, and
with a wit and power of expression, sometimes tinged with severity, un-

equalled in the Church ; and which always silenced, if they did not con-

vince, those who were opposed to him. His words, during the heated

controversies, which prevailed in the Lutheran Church in America, in the

five years of his editorship, were like the arrows, sent into the Grecian
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camp, by the " god of the silver bow." Hundreds of such polished shafts

were sent, with convincing and controlling power, during each week of

the period of his editorship of the " Lutheran and Missionary."

Brought thus to the front, by his studies, and his positions of influence,

he was not long in realizing the dream of his early ministerial life, if we
are right in our supposition, for in the j'^ear 1864, he was elected to the

position of "Norton Professor of Systematic Theology and Ecclesiastical

Polity," in the Theological Seminary of the Lutheran Church, in Phila-

delphia. He had now ample time and opportunity for exercising his

skill in theological dialectics. Additional articles of the same kind were

published, with those which had appeared at an earlier period ; and the

culmination of his work in this department took place, when he prepared

and gave to the world, in a grand volume, his " Conservative Reforma-

tion," to which allusion has already been made.

This volume demands more than a passing notice, for it is the noblest

monument of his vast theological learning and dialectical skill, immense

acquaintance with the whole field of literature, and of his intense love

for the faith and church of his forefathers. Besides this, it has other

points of interest. One of these is stated by the distinguished author

himself in the preface. In the Lutheran Church, both of the Fatherland

and this country, there have always been two parties ; one more liberal

in the interpretation of the Confessions ; the other more strict, allowing

no deviation, in the smallest particulars, from the standards of belief. The

Doctor, with great candor, acknowledges, as is known to most of the

older ministers of our Church, tliat he once occupied a position entirely

divergent from the views he defends, in this splendid volume. Thus he

speaks: "No man can be more fixed in his prejudice against the views

here defended, than the author himself once was ; no man can be more

decided in his opinion, that those views are false than the author is now
decided, in his faith, that they are the truth. This decided change from

laxity, to strict conformity with the old Lutheran faith, as it is sometimes

called, was permanent with him, and he maintained it with unvarying

consistency, until his departure from the Church Militant to the Church

Triumphant. Again, the author shows that he has changed his views

with sufiicient reason, for all the prominent doctrines of the Lutheran

Church, as presented in the Augsburg Confession, are discussed with

great skill and independence of judgment, and in connection with this

chief symbol, the subsequent ones are not overlooked. It is a complete

defence of the whole system, with that independent survey of the field

for himself, for which the author was noted, for he could truthfully quote,

as applicable to himself, the sentiment of the Roman poet : "NuUius ad-

dictus jurare in verba magistri."

The subjects of Baptism, Original Sin and the Lord's Supper, receive

the most extended and varied discussion, because the most diflicult, and

the most frequently assailed by others. It is not generally known, that
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the Lutheran Church has a mode of presenting these subjects, in her judg-

ment in accordance with tlie Scriptures, which require careful and dis-

criminating study to understand, as is sufficiently proved by the mistakes

into which men of the liighest ability in some of the other Christian de-

nominations have fallen, in the attempt to state them as they understand

them.

The mode of the Saviour's presence in the Supper ; the doctrine of the

" communicatio idiomatum ;" the union of natures in the person of the

Redeemer and consubstantiation, which the Lutheran Church is said to

hold, but does not, have especially been the occasion of the grave mistakes

made by the gentlemen to whom reference lias above been made. They
are known and believed by those only who have been brought up in the

Lutheran Church, but they require profound acquaintance with the sub-

ject, and native and philosophical acumen, to defend them against objec-

tions, without falling into error. In this field, difficult though it be, our

friend showed himself a complete master, and the careful study of these

profound subjects is visible on every page. The volume contains several

elaborate chapters, prepared years before, designed specially to correct the

mistakes made on the above subject, by learned Doctors of Divinity in

sister churches.

The chapter also, on the history of the "Formula of Concord," which

was prepared at a later period than some of the others, is exceedingly well

fitted to show the solid theological learning, superior penetration, and in-

dependence of judgment of our gifted and diligent associate. It amazes

me whenever I read it, to see liow he unravels the tangled history of the

theological controversies which agitated Germany, during the latter part

of the sixteenth century, and how he lollows, with clearness of intellec-

tual vision, the intricate thread of truth, with which he started, to its

final issue in the adoption of this Symbol. It pleases me to find, that he

does not condemn, where others bitterly condemn "the gentle Melanch-

thon;" who had, by his laudable, though sometimes mistaken desire for

peace and aversion to controversy, given occasion to some of those acri-

monious disputes. Yet, with all liis high regard and esteem for this fine

scholar and excellent man, he is not blind to his faults, but censures him
when he thinks him deserving of it. It is easy to see that the writer is

guided in his judgment by the love of truth, and not by prejudice, and
Melanchthon fares better in his hands, than he does^with many of his own
countrymen and contemporaries. This was a fine field, for the exercise

of that "speculative" mind, with which Providence had endowed the

author of this volume, and which is displayed in it, with such happy re-

sults.

The independence of our able friend is shown also in an article, which
he prepared during his ministerial life in the year 1857, on the Lord's Day,
which does not appear in this volume, but which must be alluded to, be-

cause in it he expresses and defends views which do not harmonize with
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those of many of the German theologians, but which he defended, as in

accordance with the teachings of Luther and the Confessions, and which
he continued to hold, as he informed me near the end of his life. We are

not able say why it was not published with the others, possibly he did not

think it necessary to put it into this more permanent form. Some of the

German theologians so explain disconnected statements of Luther, with-

out taking them as a whole, that they dissipate altogether the divine obli-

gation with reference to the observance of the Lord's Day. Not so our

friend. We allow him to speak for himself "If Germany has not en-

joyed a Christian Sabbath, it is because she has refused to follow what
the principles of Luther would have given her. The Sunday of Luther

is an entire day, not a half-day ; not a morning for the church and an

afternoon for the beer saloon or the dance, or the idle saunter ; but a day

for holy works ; and holj' thoughts ; a holy day, not a holiday. Neither

the Augsburg Confession, nor the greatest theologians of the Church of the

Augsburg Confession, denies the divine obligation ot the Christian Sab-

bath. * * * Divine in its generic origin and obligation, and apostolic

in its specific determination."

There is one delightful chapter of the book which has but little of a

controversial character in it ; it is a solemn requiem of praise in honor of

Luther, from almost every land of Christendom. The instrument selected

by God, for the great work of the Reformation, is the hero, who has caused

their strings to vibrate, in such perfect unison. No where else can there

be found such a collection of literary gems, bearing upon this one point.

The writer's soul was aglow with admiration and love for Luther, when
he wrote this admirable chapter, and after the full array of testimonies of

the most illustrious characters in his behalf, he closes the subject with

these striking words : "Luther abides as a power for all time. His image

casts itself upon the current of ages, as the mountain mirrors itself in the

river at its foot—the mighty fixing itself upon the changing."

We may safely say, in passing from this volume, to the consideration of

his last publications on another subject and in a different sphere of his use-

ful and honorable toil, that no one can read it without reaching the pro-

found conviction that the author of it will bear favorable comparison with

the ablest theologians of this or any other land. Little else can be said of

it, except to express admiration of its merits ; if we may be allowed to say

anything of a contrary nature, we would merely respeat a remark already

made, with reference to some of his earlier writings, that his logic occa-

sionally is wanting in perspicuity, from an excessive accumulation of par-

ticulars, and now and then he exceeds the bounds of truth by indulging

that vein of his complex nature, alluded to by one of classmates, "a ready

and comical trick of exaggeration." A single illustration will sufficiently

explain our meaning. Thus he speaks of sects :
" The insect-minded sec-

tarian allows the Reformation very little merit, except as it prepared the

way for the putting forth, in due time, of the particular twig of Protest-
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antism, on which he crawls, and which he imagines bears all the fruit,

and gives all the value to the tree. * * * The Reformation, as they

take it, originated in the divine plan for furnishing a nursery for sectarian

Aphides."

His native fondness for speculative truth, together with his studies in

connection with theology, which, from the standpoint he accepted, almost

necessarily involved the study of philosophy, prepared the way for his last

position, Professor of Intellectual and Moral Philosophy in the University

of Pennsylvania, to which he was elected in the year 18G8 ; the subject of

Logic having been added to it in 1874. In some of the articles of the

"Conservative Reformation," he shows his large acquaintance with the

foremost philosophers of the English and Scotch schools, such as Mill,

Hamilton and others ; and his fondness for studies of this kind, led him

to publish an edition of Fleming's Vocabulary of Philosophy, eight years

before he was elected to the post of professor. If we mistake not, the

attention of some of the Board of Trustees was first directed to him, on

account of his prominence among the Lutheran pastors in Philadelphia,

and thus he was elected trustee in 1866, to represent the Lutheran Church,

and the ability there displayed, and the acquaintance made with its mem-
bers, and especially with Dr. Stille, the Provost of the Institution, to whom
it owes so much, his warm personal friend, shortly afterwards elevated him

to the responsible position he occupied in it, which, with other additional

duties and offices, he continued to discharge and to hold until his death.

The department of Philosophy was the chief one, in wliich such volumes

as Hamilton's Metaphysics, Berkeley's Philosophy, "Whewell's Morality,

Butler's Analogy, constituted the text books, which made the basis of his

instruction, and through whichhe exerted a wide and lasting influence on his

pupils. For the use of his department he edited Berkeley, and enriched it

with notes of great value, from all the different schools of philosophy among
Christian nations, which appeared in 1874 ; and at the same time repub-

lished in the same way, with a verj' learned introduction, Ulrici's Strauss.

Through these publications, and his lectures to his classes, from year to

year, his reputation as a philosopher became as great in our land as in the

department of theology. He was frequently appealed to as the highest

authority in questions of a philosophical nature, and it was easy to antici-

pate from the instructions of his able and excellent father, and his own
subsequent studies in theology, what position he would take in this vast

and intricate field of speculation. These two things dominated his views.

Philosophy had been settled in his theological studies, for we find the

principles of Butler, Berkeley and Hamilton, presenting salient points in

these earlier investigations. He was, as we miglit have expected, from

such antecedents, an "Idealistic Realist," to quote the words of one of

his favorite pupils, who understood well his views, and a philosopher of de-

cided Christian character. It was his great aim to infuse these princi-

ples into the minds of the students of the University whom he instructed

in successive classes for almost fifteen years, and upon whom he left the
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indelible marks of his power and varied learning. He has left behind

him no regular system, and this is a matter to be regretted, except so far

as it can be gathered from his annotated works, and the notes and recol-

lections of his pupils. These, with his favorite authors, in this depart-

ment, will always show us the genuine Christian philosopher. Butler's

Analogy was one of his favorite books, we see its principles brought out

in his discussion of Original sin ; in his Introduction to Strauss and in his

last poetic effusions, and we are gratified to quote his own words on this

subject, to this effect : "that he regarded this as a monument to the truth

of the Christian religion, which shall endure to the end of time."

The edition of Ulrici's Strauss, which he superintended, translated and
furnished with an introduction, is a work of immense practical value. It is

small in form, but on this account, not less, but more valuable. Ponder-

ous volumes, like heavy artillery, are hard to manage, and have but few
readers, but the smaller ones, which you can take with you to the fireside,

are popular and effective with the largest number, like the small arms in

the close and well-contested battle. The reader of the introduction con-

templates with wonder the immense, almost boundless extent of the au-

thor's reading in physiology and philosophy. As he was regarded and
called in early life a "voracious" reader in literature and the department

of the imagination, so his appetite in later life was equally insatiate in

physiology and philosophy. He seems to have sounded with his plum-
met the subject in its profoundest depths, and widest extent, and after all

his studies he remains the Christian philosopher still. It is gratifying to

find a gentleman of such breadth of culture, defeating, on their own soil,

and with their own weapons, the enemies of truth, of God and of man.
He is, in his own peculiar style, severe on materialism, and still more
severe on Strauss, the great advocate of infidelity and atheism. Speaking

of the union of the supernatural, everywhere with the natural, in Butler's

line of thought, but his own words, he says : "Science moves ever to-

ward the proof, how supernatural is the natural ; religion moves toward

the proof, how natural is the supernatural. For nature, in the narrow
sense, is in her spring, supernatural." To expose such a system as mate-

rialism "would involve the compression of a world to the dimensions of

a pea." "Without the metaphysical spirit, the geologist possesses the

penetration of an artesian auger, no more." "The intellectual beats the

material in all long races." The "new faith" of Strauss is characterized

"as conscious matter, reverencing and worshiping unconscious matter,"

"as reason bowed at the altar of unreason, which had given it being ;" as

"without God, without Providence, without spirit, freedom or accounta-

bility ;" " recognizing no creation or redemption or sanctification ;" ' 'no

heaven, no hell, * * * whose last enemy is not death, but immor-
tality, its goal, extinction." These and a long list of other features, se-

verely yet truthfully present, in the language of the author, the repulsive

deformity of this proposed "new taith."

The volumes, on which the Doctor's fame will chiefly rest, are the three
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which have been mculioncid. "The Conservative Reformation;" "Ul-

rici's Strauss" "Borkele}-, with Notes, " and the translation of "Tholuck's

Oospel of St. John." Through these, witli the many and varied essays,

articles for encyclopaedias, editorials, lectures at ths Seminary and

University, sermons published or heard, and the large number of young

men whom he helped to educate for the ministry, the other learned pro-

fessions, and practical life, will cause his influence to be felt, for good,

through all future time. Throughout the forty years of his very active

and laborious life—had he lived, forty years this day—in imitation of the

Great Teacher, "he served his generation faithfully, according to the will

of God," and he will be held in everlasting remembrance, as one of the

great benefactors of the race.

Our subject would be incomplete, did we not speak of his excellent qual-

ities as a Christian man. Scholarly acquisitions are often tarnished, by

moral, or personal defects, or obliquities. It was not so with our friend.

The grand elements of his character were harmoniously united, with a

natural simplicity, and an affluence of kindly feeling. He was very con-

descending towards inferiors, and extremely fond of children, whom he

could most successfully entertain and instruct. In his addresses to them

he laid aside all that was repulsive, became one of them, disarmed all their

fears, and attracted them to himself. Nor was this attractive power limited

to them ; it was general. The extent of it was realized fully since his la-

mented death. Friend and foe, the aged and the young, those of the same

belief with himself, as well as those who occupied positions in theology

directly opposite to his own; officers of the churches he served, and gen-

tlemen associated with himself in public bodies, have, with great unanimity,

testilied both to his general excellence, as well as the warmth of lieart, by

w^hich he drew them to himself. One, eminent in position, but often op-

posed to him in debate, Epeaks of him as "cordial, genial, magnetic and

brilliant, often winning his way to hearts that were closed to others, and

forming personal attachments which no changes of time or circumstances

could break." Such a man could not fail to be respected and beloved.

But the bowstring, after long use, when subjected to extraordinary ten-

sion, will snap asunder. So it was with our departed friend. There is a

limit to human exertion, and our bodies and minds will not endure indef-

inite pressure. The superabundant labors, apparent in what we have

said, but more fully known to his associates, together with the anxieties,

sorrows, disappointments—greater, because kept to himself—which his

friends knew but did not venture to allude to, out of regard for his feel-

ings, by degrees brought his manly form to an early grave. We will not

draw aside the veil which conceals these special troubles from the public

gaze, to which he never himself made any allusion, except to say, " the

heart knoweth its own bitterness." They are too sacred for publication,

but they exerted no little influence in gradually undermining his vigorous

health. Tlie first intimation of any serious illness was communicated to

the writer by a friend of the Doctor, who visited Germany with him, and
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was his almost constant companion for three months. The next commu-
nication was made by his family physician, who remarked at that time,

that the only relief for the Doctor would be total cessation from work, but

that mode of relief his multiplied engagements, and his conscientiousness

did not allow him to adopt. He acted, as far as possible, in accordance with

the advice of the physician, and spent the two succeeding long vacations

of the years 1881 and 1882 in Canada, returned with his health recruited,

but when his double duties in the two Institutions in which he was en-

gaged, were resumed, he again lost ground, and it was apparent that the

disease was preying on the vitals of his system. On his return from the

last trip, in answer to a question of one of his friends as to his health, he

replied with sadness, as though looking forward to an unfavorable result,

"better, but not well." The truth of this became painfully manifest when
he resumed his duties in the University. He was very far from being

well. His associates soon observed that his vivacity and vitality, and his

powers of endurance were rapidly decreasing. Especially marked was

this decline in the daily chapel services. Each succeeding day, through

increasing weakness, he brought his chair nearer to the reading desk, un-

til the day before he was ordered by his physicians to relinquish all his

duties, they were placed alongside of each other, and it was with difficulty

he could stand up to perform the devotions. With such Christian forti-

tude did he continue to discharge his duties during the progress of the

disease to its final issue. His principles would not allow him to forsake

his post, until his powers were exhausted.

The writer now believes, the Doctor was fully conscious of his approach-

ing dissolution, for he could not take sufficient nourishment to support

life, and, besides this, the tenderness and deep pathos of his prayers, when-

ever allusion was made to death, disclosed the thoughts and feelings with-

in. The writer conversed with him, for the last time, the day before he

completed his official duties. He bade farewell to him, as he thought, for

a few days, in front of the University, at the close of the recitations for the

day ; it was with difficult}' that he moved his exhausted body, yet the

writer will never forget the almost angelic tenderness and sweetness of his

language and his looks.

Two days after this he was ordered by his physicians to take his bed,

and, contrary to the expectations of all, he declined more rapidly than

before, and two weeks subsequently, when the new year 1883 had but

commenced, January 2d, amid his sorrowing friends, without much suf-

fering, his noble spirit, sustained by the faith and hopes of the Gospel,

was conveyed to the bosom of his Saviour, whom he had loved and served

f;o well.

The removal of such a man must be deeply mourned, for his place can-

not readily be filled ; but we may comfort ourselves with the thought, to

which the Provost of the University gave utterance in the chapel, two days

after his death, that as he was sulfering from an incurable disease, he could

do no more on earth, his work was done, and well done, he had secured

PROC. AMER. PHILOS. SOC. XX. 113. 4a. PRIXTED APRIL 4, 1883.



Cope.] h^O [March Hi,

the victor's crown. TVe recall to mind, at tliis point, the distinguished

Grecian ]ihilosopher, Socrates, surrounded by his weeping friends and

pupils, wliom he was reproving for their sorrow, and endeavoring to con-

sole with his own joyful hopes for the future world as he was bidding

them farewell ; and we can thus think of our Christian philosopher ad-

dressing us, from the glory he has attained, in words used by himself,

many years ago, in some reflections on the Transfiguration: " Why do we
think of the parting pressure of the hand, the last words of love, the dying

moan, and not of the crown, the communion with Christ, their eternal

repose, and our re-uuioni with them? Why, with desolate hearts, will we
continue to stretch our hands to the home of their rest and cry, come,

come to our arms? Blessed be God, that he will not hear our prayers.

Blessed are the departed, that we cannot recall them from their joy, or

Avound their hearts by the knowledge that we are willing to disturb their

bliss. No, it is not good to be here ; we know not what we say."

Fourth Contribution to the History of the Permian Formation of Texas. By
E. D. Cope.*

{Read before tlie American Philosophical Society, Marc7i IG, 1883.)

PISCES.

ECTOSTEORHACHIS CICEROXruS, Sp. nOV.

The genus Ectosteorhachis Cope, is known up to the present time from

ichthyolites, which do not exhibit the interior details of the structure of

the skull. Several portions of crania having recently come into my hands,

I am able to add some important features, and a new species, which I name
as above.

The base of the skull consists of ossified parachordals, which embrace

the choi'da dorsalis posteriori^' and are continued for a short distance

posteriorly as a tube. Anteriorly the chordal groove is open. Trabeculse

not ossified. The cranial structure is an excellent illustration of a perma-

nent embryonic type. Above and in front of the opening for the chorda,

the neural canal enters the groove. The parachordals are subtriangular,

presenting one angle forwards, and having the internal side that bounds

the groove straight and longitudinally grooved. The anteroexterual side

is oblique and nearly straight, and is overhung by the osseous roof of the

skull. These characters are identical in both species.

The E. ciceronlas diflfcrs from the E. rdtidus in having a narrower inter-

orbital region, and in the possession of small tubercles of ganoine on the

posterior parts of the superior surface of the skull. These are seen

on the sides of the surface, and are quite small, not numerous, and

The third contribution can be found at page 147 Pjoccedings of the Society
for 1882.
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of various sizes and shapes. They resemble shining seeds. In E. nitidut

these points are wanting, but there are rugosities on the postfrontal and

pterotic regions of a radiating character, not found in E. ciceronius.

Measurements. M.

No. 1.

Length of skull to occiput above (muzzle worn) 069

Interorbital width 014

No. 2.

Length of osseous base of cranium (parachordal) 039
" open median groove 023

Width of base at parachordals 036

" groove at apices of parachordals Oil

" foramen notochordae 0095

Found by Mr. "W. F. Cummins.

Gnathorhiza serrata, gen. et sp. nov.

This presumed fish is represented by some teeth which are processes of

osseous bodies, which may be roots properly so called, or may be jaws.

The osseous bases are shallow, and thickened on the free edge, which is

directed obliquely away from the plane of the crown of the teeth. The

teeth obtained are flat, and doubtless bilaterally symmetrical, though no

complete pairs are preserved. The largest of these has a curved edge, and

a branch extending posteriorly at right angles to it, joining it at a point at

one side of its middle. The longer (and more curved) part of the convex

edge, has two coarse angles ; the shorter part is finely denticulated, as is

the transverse lamina. The principal edge is worn posteriorly by use. The

external convex face is marked by coarse and finer lines of growth, like

those on corneous processes. A second form of tooth is not curved, but flat,

so far as preserved. It has three coarse obtuse teeth. Two other toothed

bodies resemble it. All the teeth are covered with brilliant ganoine on

both sides.

Measurements. M.

Length of chord of larger tooth 010

" cross lamina 0055

Elevation of principal edge 006

with root 008

Thickness of root at base 002

The genus Onathorhiza may belong to the Petalodont family, though I

think it very doubtful. The characters of the roots of the teeth are more

like those of sharks.

BATRACHIA.

Trimerorhachis bilobatus, sp. nov.

Among the many specimens of animals of this genus which have passed

through my hands, I have not until now been able to select more than one
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species, the T. insignis. 3Ir. Cummins, however, now sends me parts of

skeletons of four individuals, which present distinctive characters. Two
of these include vertebral elements, and all embrace jaws and bones of the

limbs and arches.

The vertebrae present no important difference from those of T. imignis,

but the surface of the intercentrum is not yet cleaned of a thin layer of

matrix. The peculiar character of this species is most readily seen in the

posterior portions of the mandibular ramus. The angle consists of two
subequal tuberosities which are separated bj^ a deep groove, instead of one
prominent one. The external tuberosity is represented in the T. insignia by
a small protuberance of the lateral enlargement of the external face of the

ramus. The extremity of this tuberosity is in the T. bilobatus strongly

honeycombed, and it is bounded below and externally by a groove which
is faintly indicated in T. insignis. Above it, on the inner side, is another,

shallow groove, from which it is separated by a sharp ridge. Both grooves

are smooth. The superior one is wanting in T. imignis. The quadrate

cotylus is more depressed externally than in T. imignis, thus making it

more oblique. The internal fossa of the cotylus is not divided by a longi-

tudinal groove, as it is in T. insignia The dental foramen is large, and is

located as in the T. insignis. There is also an inferior longitudinal groove of

the ramus as in that species. The surfaces preserved show that the sculp-

ture is more marked in the T. bilobatus than in the T. insignis.

Measurements. M.
Depth of ramus at interior edge cotylus 026

Length " from " " " 020

Width " at " " " 017
" of both tuberosities of angle 0125

Diameters of intercentrum
/anteroposterior Oil

< transverse 021

Thickness of intercentrum 004

The specimens described came from the same locality, and a ditferent one
from that which has produced the specimens of the T. imignis (Tvpe No.
39, 1882).

REPTILIA.

Pauiotichcs megalops, sp. nov.

This reptile is known to me from a nearly complete, somewhat distorted

cranium. A thin layer of matrix conceals the greater number of the teeth,

so that the presence of canines cannot be demonstrated. Those which are

visible are on the premaxillary and anterior parts of the maxillary bones.

They are small, conic, slightly curved, acute and absolutely smooth.

The muzzle is short and broadly rounded. The nareal opening is latero-

superior, and is just above the principal convexity where the lores pass into

the muzzle. Canthus nostralis rounded off. Interorbital region wide,

convex in section, nearly plane anteroposteriorly, its width a little exceed-
ing the diameter of the orbit. Orbit large and round, its diameter equal to
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the length of the muzzle in front of it, obliquely measured, and one-half the

distance from its posterior edge to that of the temporal roof (? squamosal

bone). Posterior outline of skull above, truncate, surface slightly convex

transversely.

The premaxillary spines are short and wide, the nasals are also short and

"wide. The prefrontals and postfrontals form the superior edge of the orbit,

excluding the frontals. The intercalaria (or ? pterotics) are veiy large; at

the externoposterior angle is a very small element in contact with the supra-

occipital which may be the true intercalare. The supraoccipitals have

considerable transverse extent, running out externally in narrow apices.

All the bones of the cranium are sculptured in honeycomb fashion, the

ridges radiating on some of the bones. That is, on the posterior parts

of the frontals and parietals and anterior part of the intercalare and squa-

mosal. A groove follows the edge of the orbit, and turns inwards on the

prefrontal bone, forming a rudimental lyra. External surface of mandible

grooved below; superior part concealed.

Measurements. M.

Width of skull between posterior angles 018

Interorbital width 008

Axial length of skull 024
" from muzzle to between centres of orbits. . .0096

Width of muzzle at nares 0095

Length from orbit to nostril 0035

Depth of skull posteriorly, to mandible 010

The superior part of the posterior region of the inner face of the dentary

bone supports a patch of small obtuse teeth, which narrows forwards into

the single row of the edge of the ramus. This patch is no doubt homolo-

gous with that which is so largely developed in Pantylus.

The surface of the cranium has been mostly weathered away in the type

oi PariotkhiLS, P. hrachyops, and I suspect that it is really sculptured and

not smooth, as I originally stated. The P. megalops ditfers from the P.

brachyops in the larger orbit, the narrower interorbhal space, and the

smaller and more numerous teeth.

Pariotichus and Pantylus and probably Ectocynodon must be referred to

a special family, the Pariotichidce, which has teeth like the Edaphosauridm*

but differs from it in the entire overroofing of the temporal fossae.

Chilonyx rapidens Cope, gen. nov.

Char. Gen.—Teeth whh the long diameter of the crowns transverse to

that of the jaws, and with the crown contracting to a single slightly in-

curved apex. Maxillary series of teeth short. Temporal fossae oven-oofed.

Superior surface of cranium divided into more or less swollen area by

grooves.

The characters above enumerated indicate for this genus a position near

the Biadectida. From these it differs in the form of the teeth, and the

* Proceed. Amer. Philos. Soc. 1882, p. 450.
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short and narrow maxillary bone. Two ilia accompanying the cranium

have the form of those of the ClepsydropidcB, and difter entirely from those

of the DiadectidcB. On the other hand, the foramen magnum is wide, and

the exoccipitals present two articular facets downwards as in the latter family.

It is possible that the genus should be referred to the Bolosauridoe, which is

in dentition intermediate between the Clepsydropidm and Diadectidoe.

A femur, which is included in the lot of specimens, has a wide head with-

out trochanters, convex in the plane of the distal condyles and flat in the

direction at right angles to it. There is a huge trochanteric fossa extend-

ing from the head two-fifths the length to the condyles, bordered by a ridge

on each side. The condyles present in the same direction as the fossa pos-

teriorly. They are separated by'a deep anterior and posterior emargina-

tion. Their anterior edges overhang the condylar articular surfaces,

making acute angles with them. One of the articular surfaces is smaller,

is anteroposteriorly extended, and has a convex ectad, and concave entad

border. The other surface is also anteroposterior, reaching further distad,

but not so far proximad as the other. Its area is greater than that of the

other, and it is deeply notched by the entering surface of the bone ectad

and proximad. It is then contracted into a wide isthmus, and the lateral

grooves which produce this isthmus are overhung by the expansion of the

anterior face. The anterior face of the femur is without ridges or pro-

cesses.

The condition of the specimen is such that the composition of the skull

may be readily made out. The postfrontal bones are large, and form the

superior border of the orbit. At the front of the orbit they reach the pre-

fontal, thus excluding the frontal. The parietal bones are wider than the

frontals, and are bounded laterally by the postfrontals and the squamosals

and by an element between the squamosal and exoccipital, which occu-

pies the position of the intercalare of the StegocephaU. Below this bone, on

the inner side of the suspensorium, is the probable prootic. The squamo-

sal, or an element which I cannot distinguish from that bone, extends, to

the condyle of the quadrate, concealing that bone from view from exter-

nally. The quadrate is short, and thins out rapidly upwards, being closely

vinited with the squamosal. Its condyle is set at an angle of 45'^ with the

axes of the skull, and consists of one flat and one convex surfaces, con-

tinuous but forming a deep angle together. Exterior to the exoccipital,

and interno-inferior to tlie intercalare, is a small distinct element, appar-

ently in the position of an opisthotic or external occipital.

The excavation for the auditory apparatus appears to be in the exoccip-

ital. It is almost entirely filled hy what I suppose to be a large stapes.

This bone is in shape like a compressed flask, with the head directed in-

wards and forwards, and its inferior edge produced into a prominent keel,

which is produced into a point below, and free from the neck of the flask.

The head is truncate, and is separated from the internal cranial wall by a

narrow interspace. Its external extremity is not absolutely perfect in the

specimen, but does not appear to have extended in an ossified condition be-
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yoad the exoccipital boue. In a specimen of Empedias molaris* there is a

meatus auditorius, in which the stapes was not found on cleanina: out.

This element is coosified witli the surrounding bones laterally and poste-

riorly. Consequently when broken open, the vestibule is represented by

two deep grooves, directed inwards and anteriorly.

The single species of this genus is one of the largest saurians yet obtained

from the Permian of Xorth America.

Char, specif. The superior surface of the skull is everywhere flat, as is

the external face of the maxillar}^ The surface of the latter is marked by
moderately coarse fossie and grooves, separated by more or less fine irregu-

lar but generally longitudinal ridges. The minute sculpture of the supe-

rior cranial surface, is finer and more punctate in character. The areae of

this surface, alreadj'- mentioned, are arranged as follows : There is a series

over the orbits, which are separated from each other by straight grooves,

and which grow larger and more swollen posteriorly. Between these su-

praorbital rows, the areoe of the top of the skull are separated by longitu-

dinal grooves, except immediately between the widths of the orbits, where

there are some narrow transverse arese. On the supraoccipital region there

is a median subtriangular area, and three narrow longitudinal ones on
each side of it. External to these, and on the posterior part of the squa-

mosal region, the arese are larger and more swollen. A cluster of three of

these lies between the exoccipital bone, and the smooth descending surface

of the posterior edge of the squamosal. Of these the one bounding the ex-

occipital bone, is a robust cone, forming a short horn, like that occupying

a similar place in the horned toad, Phrynosoma douglassi. Between the

temporal arese, and in front of the supraoccipital areae, on each side of the

middle line, there are three longitudinal arete, which are successively nar-

rower externally, the exterior being very narrow. On the frontal region

anterior to the transverse arese, are two wide longitudinal arese. Each
nasal bone has a small median area, from which radiate grooves, of which

some of the posterior are close together.

The occiput is excavated into a large fossa on each side of a large trian-

gular supraoccipital region. The fossse are bounded externally by a strong

exoccipital crest and at the anteroinferior corner by the "opisthotic."

This bone projects posteriorly and downwards, in the form of a robust

hook. The foramen magnum is not excavated so abruptly above the ex-

occipital facets as in Empedias molaris.

Measurements of Skull and Femvr. M.

Interorbital width 108

Length from supraoccipital crest to frontonasal suture. . .135

Width between apices of tuberosities of the intercalaria. .113

Length from apex of tuberosities to inferior extremity of

quadrate 129

* Figured In the Proceed. Amer. Pliilos. Soc. xix. p. 56.
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Measurements of Skull and Femur. M.

Diameters of quadrate condyle {
^^^^'"'^P^^^^""^"

J;J^ ^
•'

I transverse 039

Length of maxillary on alveolar edge 087

Diameters base of a posterior tooth |
anteroposterior 007

I transverse 010
" of base of another posterior f anteroposterior . . .005

tooth (transverse 010

Length of femur 236

Proximal diameters of f^^^,
[^^^^ro^o^^e^xov 047

i. transverse 085

Width of shaft 053

" distally (greatest) 115

Empedias fissus, sp. nov.

The species of jE'??ipedia8 form a series which diverges ixom Dladedes va.

a successive widening of the crowns of the teeth and diminution in their

number. Thus the D. phaseoUnus is nearest to Diadectes ; D. molaris suc-

ceeds it, and in U. fissus we have the molariform character most strongly

developed. In the B. latibuccatus, on the other hand, the diminution of

the transverse extent of many of the teeth and the areolar sculpture of the

superior surface of the cranium points in the direction of the genus Chilo-

nyx. The species of Empedias may be easily distinguished as follows :

L Surface of skull divided by grooves into areie.

Superior teeth, 16 on each side, a number on each end of the maxillary

bone of little transverse extent E. latibuccatus.

n. Surface of skull uniformly rugose.

Superior teeth narrower, 16 on each side, the last one small, sphenoid flat,

pterygoids narrow E. phaseoUnus.

Superior teeth wider, 14 on each side, the last one smaller, sphenoid keeled

medially, pterygoids wide E. moUtris.

Superior teeth wider, 14 on each side, the last the largest, sphenoid not

keeled E. fissus.

Of the E. latibuccatus I have two specimens with teeth, one including a

large part of the cranium and lower jaw. Of the E. phaseoUnus I have

five specimens with teeth, one of which embraces a nearly complete skull

and a large part of the skeleton. Of the E. molaris I have also five indi-

viduals, of which three are crania. The E. fissus is represented by two in-

dividuals. One of these is one side of the entire upper jaw ; the other is

a broken skull with the four series of molar teeth. Of other parts of the

skeleton, not identified as to species, I have a large number.

The Empedias fissus is nearest the E. molaris, and has the same number
of teeth. It differs, however, in various essential points. The last max-

illary tooth, which is much reduced in size in the E. molaris, is here as

large as any of the others. The portion of the crown within the medium
cusp is fissured medially in the direction of its length ; that is, transversely



1883.J
635 [Cope.

to the axis of the jaws. This fissure is not so distinct inthe mandibular

teeth. The median cusp has a straight edge at right angles to the long

axis of the crown. The specimen where the entire dental series of one side

is preserved, shows that the latter has a sigmoid flexure, the middle of the

maxillary bone being incurved, and the anterior part convex outwards.

There are five or six conic teeth between the incisors and the molars.

The inferior surface of the sphenoid bone is medially flat in transverse

section, and concave anteroposteriorly, in this resembling E. phaseolinus

rather than E. molaris. The upper jaw specimen shows that tlie muzzle
projects beyond the incisor teeth, which is not the case in E. phaseolinus,

which has the incisors very prominent. The supraorbital border is regu-

larly convex, and not depressed and notched as in E. phaseolinus and E.

latibuccatus. The superior surface of the skull is marked with innumerable
small impressed pits, and assumes a spongy appearance above the orbits.

Measurements.

No. 1. M.
Length of last six superior molars 055

Diameters of antepenult molar I
^°teroposterior 010

•^ transverse 020

J-
vertical 013

Diameters of crown of incisor J transverse (at base) .... .007

y anteroposterior Oil

No. 2.

Length of dental series in a straight line 09&
"Width of palate at anterior expanse 062

" " contraction 068-
" " between widest molars 086-

Discovered by Mr. "W. F. Cummins.

Empedias phaseolinus Cope, Proceeds. American Philosoph. Society,

May, 1880 (Diadectes).

The fine specimen of this species above mentioned, which was obtained

by Mr. Cummins, includes some parts of the skeleton not or rarely found
hitherto. The pelvis shows that the corresponding part described by me.
Proceedings of the American Philosophical Society, 1882, p. 448, belongs

to another species of this group. The clavicles are preserved, and enable

me to identify the corresponding part of another species in which the struc-

ture is more distinctly visible. This shows an episternum wedged in be-

tween the adjacent extremities of the clavicles, which are here very robust.

But a small part of it appears in the inferior surface, but superiorly it forms
a plate which covers the symphysis of the clavicles, but does not extend

posterior to them. The suture of the episternum with the clavicles below
is a coarse interdigitation. Posterior to it is the symphysis of the clavicles.

The skull of this specimen is the first that I have seen in this group
"which possesses a basioccipital bone and condyle. This proves that in the

five other crania of allied species, it has fallen out, which indicates its very

PROC. AMER. PHILOS. SOC. XX. 113. 4b. PRINTED MAT 2, 1883.
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weak attachment to the sphenoid. The lateral superior articular facets of

the exoccipital bone are characteristic of the family, and of the genus

Chilonyx. This skull also shows that the premaxillary bones may be dis-

tinct, and that they extend but a short distance on the superior face of the

muzzle.

In this species the interorbital region is wide and concave, and the pa-

rietal regions are swollen and convex. The supraorbital border is nearly

straight, and has an open notch medially.

The hyposphen varies in size in different parts of the vertebral column,

and is generally very large. The neural spines have bilobate extremities.

Stated Meeting^ Jan. 5. 1883,

Present, 8 members.

President, Mr. Fraley, in the Chair.

The resignations of A. E. Outerbridge, Jr., dated May 15,

1882 ; of B. B. Comegys, dated Xov. 1 1882 ; of Alfred

Stille, dated Dec. 28, 1883 ; and of Horatio C. Wood, dated

Jan. 3, 1883, were announced by the Treasurer, and on motion

accepted.

The death of John Forsyth Meigs, M.D., at Philadelphia,

Dec. 17, 1882, aged 65, was announced.

The death of the Rev'd Charles P. Krauth, D.D., Vice-

Provost of the University, at Philadelphia, Jan. 2, 1883,

aged 59, was announced. The President was authorized to

provide for obituary notices of the deceased.

Donations for the Library were reported from the Geo-

graphical Societies at Munich, Bordeaux and Paris ; the

Meteorological and Astronomical Societies in London ; the

Society at Riga ; the American Society at Paris ; the Pea-

body Fund and the Museum of Comparative Zoology at Cam-
bridge ; the Boston Zoological and Natural History Socie-

ties ; American Journal of Science ; American Academy of

Medicine ; N. Y. Academy of Science ; Franklin Institute ;



1883.]
637

Academy of Natural Sciences; Second Geological Survey of

Pennsylvattia ; Union League ; Library Co. ; Mrs. Tyn-

dale; D". S. Bureaus of Ethnology and Education; Washing-

ton Philosophical Society ; U. S. Coast Survey ; IT. S. Naval

Institute ; Royal Asiatic Society of Shanghai ; M. Leon

Fernandez and the Revista Euskara.

Prof. Cope communicated a paper entitled :
" First addi-

tion to the Fauna of the Puerco Eocene."

Pendino; nominations Nos. 969 to 980 were read.

Annual appropriations for 1883 were passed.

The request of Dr. Frazer to withdraw his Summary of

the Geology of Egypt was granted.

The result of the Annual Median was reported :

—

P7'esident.

Frederick Fraley.

Eli K. Price,

P. E. Chase,

Vice-Presidents.

E. 0. Kendall,

Secretaries.

G. F. Barker,

J. P. Lesley.

J. L. LeConte.

D. G. Brinton,

Counsellors for three years.

R. E. Rogers, 0. Seidensticker, R. Wood,
P. H. Law.

Counsellor for two years (in the place of B. F. Marsh de-

ceased), C. A. Ashburner.

, Curators.

C. M. Cresson, Ilenry Phillips, Jr., Geo. H. Horn,

Treasurer.

J. Sergeant Price.

The meeting was then adjourned.



638 [Jan. 19i

Stated Afeetmj, Jan. 19, 1883. ^

Present, 8 members.

Vice-President, Mr. Price, in the Chair.

Dr. Pepper by letter, Jan. 8, accepted liis appointment to

prepare an obituary notice of Dr. J. F. Meigs.

Dr. Muhlenberg, by letter of same date, accepted his ap-

pointment to prepare an obituary notice of the Eev. Dr.

Krauth.

A photograph of Admiral J. Downes, for the Album, was

received.

Donations for the Library were reported from the Royal

Academy, Brussels ; Flora Batava ; Annales des Mines ;

Commercial Geographical Society, Bordeaux ; Royal Geologi-

cal Society and London Nature ; Canadian Institute ; Essex

Institute ; Museum of Comparative Zoology and Peabody

Museum ; American Journal of ^ledical Science ; American

Journal of Pharmacy ; Mr. Henry Phillips, Jr. ; Ohio

Mechanical Institute ; T. L. Campbell ; and the American

Antiquarian Society.

The death of Dr. W. H. Allen, President of Girard Col-

lege, August 29, 1882, aged 74, was ordered to be inserted

in the minutes.

Prof. P. E. Chase communicated " Photodynamic Notes,

No. VII."

Mr. Lesley communicated a Memorandum of the Progress

of the Second Geological Survey of Pennsylvania, from the

beginning, by Counties alphabetically arranged.

Prof. Barker exhibited and expfaincd his new Standard

Cell for testing potentials of electricity.

Dr. Frazer exhibited and described a collection of rock

specimens from St. Davids and elsewhere in Great Britain,

with special regard to their likeness to certain rocks in

Pennsylvania.
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General Thayer described some curious effects observed

by him in using a secondary electrical battery.

Mr. Lesley was elected Librarian for the ensuing year.

Standing Committees were appointed, as follows :

Finance. Hall.

Eli K. Price, J. Sergeant Price,

Henry Winsor, "W. A. Ingham,

J. Price Wetherill. C. G. Ames.

Publication. Library.

J. L. LeConte, E. K Price,

D. G. Brinton, E. .L Houston,

C. M. Cresson, • Henry Phillips, Jr.,

G. H. Horn, W. V. McKean,
Persifor Frazer. Thos. H. Dudley.

The reading of the list of members was postponed.

Pending nominations Nos. 969 to 980 were read ; 979 was
postponed ; the rest were balloted for.

The Library Committee were instructed to proceed with,

the printing of the last part of the Catalogue. (530 MSS.
pages = 270 =t pp. of text.)

A Committee of three was appointed to draw up a

Memorial to Congress urging the continuance of the Light

House Board and the Coast Survey under the direction and ,

control of the U. S. Treasury Department, the Committee to

consist of Messrs. Fraley, Dudley and Frazer.

New members elected

:

—
J. Bennett Lawes, LL.D., of Pothumstead, Herts, Eng.

J. 0. Westwood, Hope Prof. Entom., Oxford, Eng.

J. Cheston Morris, M.D., of Philadelphia.

Jas. Pussell Lowell, Min. Plen. XJ. S. to England.

Herbert Spencer, of England.

Rev. Joseph May, of Philadelphia.

"Wm. Morris Davis, of Philadelphia.

S. F. Emmons, U. S. Geologist, Washington, D. C.
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James Macfarlane, of Towanda, Penna.

E. ^Y. Claypole, 2d Geol. Survey, New Bloomfield, Perry

Co., Pa.

"Wra. H. Pancoast, M.D., of Philadelphia.

And the meeting was adjourned.

Stated Meeting, Feb. 2, 1883.

Present, 14 members.

President, Mr. Fraley, in the Chair.

Letters acceptinoj membership were received from Rev.

Jos. May, Jan. 23, and Mr. W. M. Davis, Milestown (Phil.),

Jan. 23.

Letters of envoy and acknowledgment were read.

Donations for the Library were reported from the Mining

Department, Melbourne ; Geographical Soc, St. Petersburg

;

Turin Observatory ; Academia dei Lincei ; Revue Poli-

tique ; Commercial Geographical Society, Bordeaux ; Royal

Museum of Natural History, Brussels ; Royal Astronomical

Society and Kew Observatory, London ; Nova Scotia Insti-

tute ; Massachusetts Historical Society ; Museum of Com-

parative Zoology ; Amer. Jour, of Science ; Meteorological

Observatory, Central Park, New York ; New Jei-sey Histor-

ical Society ; Franklin Institute ; II. Phillips, Jr. ; McCalla

& Stavely ; Amateur Naturalist (Germantown) ; American

Chemical Journal; American Journal of Mathematics;

Signal Service Bureau ; U. S. National Observatory ; Engi-

neer Department U. S. A.

Proceedings A. P. S. No. 112, was laid on the table.

Dr. "W. H. Pancoast was appointed to prepare an obituary

notice of Prof. Joseph Pancoast.

Dr. Rothrock read a memoir on the microscopic differences

in woods. (See page 599.)

After a discussion of the subject by Messrs. Price, Davia,
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Rothrock, Lesley, Frazer and Kane, with special reference

to the occurrence of abnormal rings in timber, Mr. Price

desired it to be remarked that Dr. Rothrock's important

practical discovery was the direct result of the practical use

to which the American Philosophical Society had put its

portion of the Michaux Legacy, as the minutes of the last

few years show.

Dr. Frazer communicated a paper entitled :
" Some Com-

parative tables showing the distribution of 'Ferns in the

United States," by Geo. E. Davenport, of Medford, Mass.

(See page 605.)

Dr. Frazer presented the report of the Special Committee

on a Memorial to Congress, which was approved, and the

Officers were authorized to sign the Memorial and transmit

it to Congress. The Committee was discharged from the

consideration of that part of the subject which related to

the Light House Board.

The President reported that he had received and paid over

to the Treasurer $132.75, being the quarterly interest on the

Michaux Legacy last due.

On motion of Mr. Price, the expense of preparing the

illustrations of Dr. Rothrock's paper was charged to the

Michaux Legacy fund.

Stated Meeting^ Feh. 16, 1S83.

Present, 11 members.

President, Mr. Fraley, in the Chair.

Messrs. Macfarlane, Claypole and Emmons by letter ac-

cepted their election to membership.

Letters of acknowledgment and envoy were read.

Donations for the Library were reported from the S. N.

Antiq., Copenhagen; Royal Academia dei Lincei ; Geo-

graphical Societies at Paris and Bordeaux; Revista Euskara;
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Kevv Observatory ; London • Nature ; Royal Geological

Society, Cornwall ; Boston Natural History Society ; Mr.

Geo. B. Dixwell ; American Antiquarian Society ; Wesleyan

University ; Regents of the University, N. Y. ; Numismatic

and Antiquarian Society ; p]ngineer Club ; Mr« II. Phillips,

Jr. ; Dr. D. G. Brinton ; American Journal of Pharmacy
;

Second Geological Survey of Pa. ; U. S. Mint ; War De-

partment; Wisconsin Historical Society; and Mrs. R. Norris

of Nice in France.—A rare copy of Kaempfer's Japan ; and

a MS. volume of Japanese flowers, painted by native artists

for Mr. Geo. Tyson of Boston during his residence in China,

were presented by Mr. Morris Davis of Milestown, Phi la.

—

—Capn- A.D. Bache, presented, through Mr.Fairman Rogers,

an old MS. of the Address of the Earl of Macclesfield to the

Royal Society at the presentation of the Coplay Medal of

1753 to Benjamin Franklin. This MS. has the appearance

of beino- the oriscinal document. On motion the thanks of

the Society were tendered to Mr. Bache.

The death of Dr. B. H. Rand, at Philadelphia, February

14, aged 55, was announced.

Mr. Lewis introduced a discussion upon the thickness and

movement of the Continental Glacier, in which Messrs.

Frazer, Lesley and Price took part.

The minutes of the last meeting of the Board of Oflicers

were read.

Pending nominations Nos. 979, 981 and new nominations

Nos. 982, 983 and 984 were read.

Resolved, That the President be authorized to appoint as delegates to the

Congr^s des Americanistes, to meet at Copenhagen next September, any

members of the Society who expect to be present on that occasion, pro-

vided that the Society be not subjected to any expense by the delegation.

Dr. Brinton and Mr. Henry Phillips, Jr., were appointed.

Resoleed, That the Finance Committee be requested to investigate the

condition of the Magellanic Premium funds, and make recommendations

for tlie appropriation of the surplus income fund for such purpose or

purposes as they may think appropriate to the objects of the Society.

And the meeting was adjourned.
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Stated Meeting^ March 2, 1SS3.

Present, 14 members.

Presideut, Mr. Fraley, in the Cliair.

Letters accepting membership were received from J. 0.

Westwood, of Oxford, England, dated February 12 ; and

from James Russell Lowell, dated London, Feb. 11.

Letters of acknowledgment and envoy were read.

Donations for the Library were received from the Geo-

graphical Societies of Paris and Bordeaux ; Eevue Politique ;

Belgian Academy ; Abbe Renard ; E. Ludwig ; Roj-al

Society, Society of Antiquaries and London Nature ; Dr. Ed.

Jarvis ; U. S. Military Academy ; Prof. Mansfield Merri-

man ; Dr. C. H. F. Peters ; New Jersey Historical Society;

Mr. T. H. Dudley ; Franklin Institute ; Mr. E. S. Holden
;

U. S. Naval Institute ; San Francisco Mercantile Library

Association ; American Journal of Science ;
" Science "

;

U. S. National Museum ; Census Bureau ; C. A. Ashburner,

and B. S. Lyman.

Mr. Horatio Hale read a paper on the Tutelo Indians and

their language. (See Vol. XXI, page'l.)

Dr. Frazer exhibited two aneroid barometers and described

fiome useful improvements suggested by him, executed by

Hicks of London. (See page 604.)

Pending nominations Nos. 979, 981 and 984 were read.

Prof. Cope described as preposterous certain current news-

paper explanations of the cause of the extinction of fossil

mammalia in the West, by cold and by drought.

' And the meeting was adjourned.

PROC. AMER. PHILOS. SOC. XX. IIS. 4C. PRINTED MAY 2, 1883.
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Stated Meeting, March 16, 1S83.

Present, 16 members,

rresldent, Mr. Fraley, in the Chair.

Letters of envoy and acknowledgment were read.

Donations for the Library were reported from the Societies

at Moscow, Konigsberg, St. Gall, Frankfurt, Wiesbaden,

Bordeaux and Cherbourg ; the Observatories at St. Peters-

burg, Cambridge, Mass., and Mt. Ilamilton ; the German Geo-

logical Society, Physical Society, and W. Franzen of Berlin ;

the Belgian Academy, Bureau of Statistics, and Bureau of

the Interior ; the Lyons Society of Agriculture and Musee
Guiraet ; the Flora Batava ; the Society of Geography, Anti-

quaries, Anthropology, and Geology of Paris ; the Revue de

I'Histoire des Religions and Revue Politique ; the Royal In-

stitute, Victoria Institute, Met. C R. Society ; Royal Geo-

graphical, Royal Asiatic, Geological and Zoological Socie-

ties ; London Xature ; Boston National History Society \

"Science"; N". Y. Linnean Society; Index Medicus ;^

American Journal of Pharmacy; H. C. Lewis; Public

Building Commission, Phil, ; U. S. Coast Survey, Bureau of

Education,Interior Department, National Museum ; Missouri

Historical Society ; Hamilton A. Hill, of Boston ; P. P»

Sharpies (Copy of the Monthly Mag. for Jan. 1784) ; and

Mr. Henry Phillips, J.r.

An Obituary notice of Dr. Krauth, was read by Dr.

Muhlenberg. (See page 613.)

The death of the oldest member of the Society, Mr. Henry
Seybert, at Philadelphia, March 3, aged 82, was announced

by Mr. J. S. Price ; and the President was requested to select

a suitable person to prepare an obituary notice of the de-

ceased.

Dr. Brinton read a paper entitled " On Mediaeval Sermon

Books and Stories," by Prof. T. F. Crane, of Cornell Univer-

eity. (See Vol. XXI, No. 114.)
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Prof. Cope communicated a paper entitled " Fourth Con-

tribution to the History of the Permian Formation of

Texas." (See page 628.)

The action of the Curators was approved in regard to

lending for scientific examination the Mexican flutes belong-

ing to the Cabinet of the Society, deposited at the Academy
of Natural Sciences.

Dr. Frazer took occasion from Dr. Brinton's remarks

prefatory to the reading of Prof. Crane's paper, to ex-

press his views regarding the presumptive restriction

of authors of papers from using already published matter

in said papers. Mr. E. K. Price and Mr. Fraley ex-

plained the habitually liberal policy of the Society in respect

of communications made for publication. Mr. Lesley ex-

pressed the hope that the broadly " philosophical " character

of the Society would be maintained, and that the Proceed-

ings would not become restricted to the narrow limits of

Natural History or the Physical sciences, so called, but that

the Society would encourage its members to communicate

for publication their best mature thinking in whatever de-

partment of human knowledge they might engage.

Pending nominations Nos. 979, 981 to 984 were read, and

the meeting was adjourned.

Stated Meeting^ April 6, 1883.

Present, 13 members.

President, Mr. Fraley, in the Chair.

Memberships accepted : G. Plante ; J. B. Lawes.

Membership declined : Jos. May.

Letters of acknowledgment were received from the Royal

Society of New South Wales (107-111) ; M. Edw. Dupont

(111); Geological and Natural History Survey of Canada,
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Toronto ^57-60, 61-62, 67, 69, 75, 87; III, IV, V) ; Smith-

sonian Institution (112) ; and Mr. Thos. C. Porter (112).

Letters of envoy were received from the Geological Sur-

vey of India; Uuivei'sity at Lund ; Batavian Society, Rot-

terdam ; Oberhessischen Gesellschaft, Giessen ; and the Me-
teorological Office, London.

A letter of envoy, requesting exchanges, was received

from the Historical and Scientific Society of Manitoba,

Winnipeg, March 20, 1883. [See below.]

Donations were received from the Academies at St. Peters-

burg, Copenhagen, Brussels, Rome, Madrid and Philadel-

phia ; the Royal Societies, in IT. S. Wales, Victoria, Rotter-

dam and London ; the Royal Astronomical Society at Lon-

don ; the Royal Society of Antiquaries, Copenhagen ; the

Geological Society at Halle; the Geological Surveys of India,

!N"ew York, and New Jersey ; tlie Geographical Societies

at Paris and Bordeaux ; the Historical Societies in Provi-

dence, Wilkesbarre and Winnij^eg, Manitoba ; the Swedish

Bureau of Statistics ; Lund University ; Upper Hessian So-

ciety ; General Society of Prisons at Paris ; Observatory

at San Fernando; the Revista Euskara ; London Xature

and ifational Review; Boston Society of Natural History;

S. II. Scudder ; H. A. Hill ; Silliman's Journal ; Franklin

Institute, American Journal of Pharmacy, American Journal

of Medical Sciences, T. Dudley, H. Phillips, Jr., H. C.

Lewis, Dr. J. G. Lee, P. P. Sharpies, of Philadelphia;

American Chemical Journal ; F. B. Hough, of Washington ;

Ohio Mechanics' Institute ; National Mexican Museum.

A letter from Mr. Moncure Robinson was received accept-

ing his appointment to prepare an obituary notice of Henry
Seybert.

The death of Daniel B. Smith, at Germantown, March
29th, in the 92d year of his age, was announced by Mr.
Fraley ; and Prof. P. E. Chase was appointed to prepare an
obituary notice of the deceased.

Mr. Davis read a paper "On the conversion of chlorine
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into hydrochloric acid, as observed in the deposition of gold

from its solution by charcoal."

Prof. E. W. Claypole communicated, through the Secre-

tary, two papers entitled, "On the Kingsmill -white sand-

stone," and " Note on a large fish-plate from the Upper

Chemung (?) beds of Northern Pennsylvania."

Rev. J. Hagen, S. J., Prof. College of the Sacred Heart,

Prairie du Chien, Wis., communicated, through Dr. Brinton,

a paper entitled, " On the reversion of series and its applica-

tion to the solution of numerical equations."

Mr. John Sharpies communicated through Prof. P. E.

Chase, a paper entitled, " The latitude of Haverford Col-

lege."

Mr. Lockington read a paper entitled, " The role of para-

sitic protophytes ; are they the primary or the secondary

cause of zymotic diseases."

Dr. Barker exhibited two bronze medals which he had

received, in Paris, as a delegate to the International Congress

of Electricians, and as a Commissioner to the International

Exhibition of Electricity, held in Paris in 1881 ; and also a

medal struck by the Institut de France in commemoration

of the transit of Venus.

Pending nominations Nos. 979, 981-984, and new nomina-

tion No. 985, were read.

The Historical and Scientific Society of Manitoba, Win-

nipeg (see its letter, March 20), was ordered to be placed on

the list of corresponding Societies to receive the Proceedings

from date.

Dr. Brinton in behalf of the owners ofliered some valuable

documents. On motion, the President was requested to ex-

amine them and report to the Society.

The Finance Committee reported " that in the matter of

the Magellanic Fund referred to it, the subject was consid-

ered, assisted by the President, and it was concluded that

no change in the present regulations was needed." Report,

accepted.
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The Secretaries were authorized to publish with Mr.

Ilale's paper on the Tutelo Indians a facsimile photograph

of the old Tutelo Chief, the last of his tribe. (See No. 114.)

The Committee on the Michaux Legacy reported as fol-

lows:

"That the appropriation made for a course of lectures in Fairmount

Park for 1883 by Professor Rothrock, to -wit, two hundred and eighty

dollars for the Professor, and fifty dollars for advertising, was duly received

from the Treasurer, and applied as intended.

"The lectures, fourteen in number, were upon the subjects in the an-

nexed printed schedule ; and were attended by increased numbers of

citizens of both sexes. There is a growing interest in these subjects in

our community, amply to justify the Society's appropriation in that direc-

tion. The Committee recommend the same amounts to be voted for 1883,

for lectures as in Schedule No. 2, annexed."

It was then, on recommendation of the Committee,

Resolved, That an appropriation be made from the Michaux Legacy of

two hundred and eighty dollars for Professor Rotbrock's lectures in Fair-

mount Park, and fifty dollars for advertising them, and that the Treasurer

be authorized to make payments under the direction of the Chairman of

the Committee on the Michaux Legacy.

The following schedule of proposed lectures for 1883 was

appended to the report

:

F)-ee Lectures in Fairmount Park, on Botany and Tree Culture, iy Professor

Rothrock, on Saturdays, at 4 P. M.

April 21. The value of Science to Mankind.
" 28. Young Plants ; how studied in life.

May 5. Relations of Plants to National Prosperity.

" 12. The Microscope ; what it is ; what it does ; how to use it.

" 19. A thriving colony on a Spruce Tree.

" 26. What the Leaves do, and how they do it.

June 2. Wasted food.

Sept. 8. The Forests of the Sea.

" 15. The American Forests, and their special importance.
" 22. American Timber, and its special value.

" 29. Old and new sj'steras of Classification.

Oct. 6. Vegetable Units, and how they make the plant.

The Curators reported the safe return of the Mexican
flutes borrowed by Mr. Cressou, and studied by Mr. Cox,
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who had obtaiDed from them a diatonic scale of an octave

and a quarter in extent.

The Librarian reported the completion of his MS. con-

densed copy of the early records of the Proceedings of the

Society from 1744 to 1837. The subject of printing the

same was referred to the Committee of Five (Phillips, Horn,

Lewis, Brinton and Law) appointed December 16, 1881.

And the meeting was adjourned.

On the 3feasurement of Electromotine Force. By George F. Barker.

{Read before the American Philosophical Society, January 19, 1SS3.)

The term electromotive force is applied to that force which tends to set

electricity in motion. It appears to have been used first by Ohm, who in

1827 gave precision to the study of electric currents by formulating his

well known law:—The strength of an electric current is directly propor-

tional to the sum of the electromotive forces and inversely proportional

to the sum of the resistances in the circuit.

The measurement of electromotive force may be absolute or relative

;

absolute when it is determined directly, relative when its value is obtain-

ed by comparison, the ratio of an unknown to a known electromotive

force being the object of the measurement. In both measurements, the final

standard of electromotive force is an absolute unit, based upon the funda-

mental units of mass, length and time ; since these are respectively

the centimeter, the gram and the second, absolute units are often

called C. G. S. units. In electrostatics, electromotive force and difference

of potential are synonymous, the same unit being used for both. The

unit difference of potential exists between two points, when to carry a unit

of positive electricity from one to the other, requires the expenditure of

a unit of work ; or in the C. G. S. system, of an erg. Now a unit of

work, i. e., an erg, is done when a unit of force, i. e., a dyne, overcomes

resistance through an unit of distance, i. e., a centimeter. And a unit of

force, t. 0., a dyne, is that force which produces a unit of velocity in a unit

of time ; i. e., produces an increase of velocity of one centimeter in one

second. Since in this latitude, gravity produces a velocity of about 980

centimeters per second, the force of a dyne corresponds to the attractive

force which the earth exerts upon the l-980th part of a gram. To raise

one gram therefore to the height of one centimeter requires the expendi-

ture of 980 ergs of work. Obviously then if two electrified bodies at unit

distance attract or repel each other with a force equivalent to that which
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the earth exerts on a gram weight, there exists between them a difference

of potential of 980 absolute units. By measuring the force between two

electrified bodies in grams, the diff'erence of potential or the electromotive

force between them is easily calculated in absolute measure. By mul-

tiplying this value in electrostatic units, by thirty thousand million, the

electromotive force is obtained in absolute electromagnetic units.

The instrument used for measuring differences of potential is called an

electrometer ; if by direct measurement, an absolute electrometer. The ab-

solute electrometer of Sir "William Thomson is the best thus far devised.

This instrument consists of two metal plates, one of which, the smaller,

is provided with a guard ring so that the electrical distribution shall be

uniform ; these plates being so arranged that the attraction between them

may be very accurately measured. The force may be measured at a con-

stant distance l)y varying the weight necessary to balance it ; or the dis-

tance may be varied until the force balances a constant weight. The latter

method is preferred in the absolute electrometer of Thomson. With this

instrument, the electromotive force of a Daniell cell was found to be

0.00374 electrostatic unit, corresponding to 113 million electromagnetic

units.

Relative measurement ot electromotive force, especially for practical

purposes, is much more frequent than absolute measurement. Although

the same units may be used, yst in practice it lias been found more con-

venient to employ a separate unit called the volt, the value of which is

given as one hundred million absolute electromagnetic units. Moreover,

this unit is represented not in the abstract form alone, but also concrete.

Some distinct electromotor, the difference of potential between the elec-

trodes of which has been accurately measured, is taken as the standard.

For example, the Daniell cell above mentioned has an electromotive force,

by the definitions already given, of 1.12 volts. Such a battery, used for

measurement, is called a standard battery.

For determining an unknown electromotive force, it is only necessary

to determine the ratio between this and the electromotive force of the

standard battery. Two general methods of doing this are in use ; the one

direct, the other indirect. In the direct method, an electrometer which

has been calibrated is employed ; i. e., one whose constants have been de-

termined by comparison either with the standard battery or with an abso-

lute instrument. Such are the portable and the quadrant electrometers of

Thomson. In the latter instrument an 8-shaped needle of aluminum

swings in a cylindrical metal box with separated quadrants. The alternate

quadrants are electrically connected when the instrument is in use. A
small charge being communicated to the needle—previously adjusted so

that its axis is parallel to the line between adjacent quadrants—any electri-

fication of the quadrants is made apparent by the motion of the needle to

the right or left. By connecting these quadrants, first with the electrodes

of the standard cell, and then with the cell whose electromotive force is to

be measured, the ratio of the deflections gives the ratio of the electromo-
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tive forces, provided the angle of rotation be small. A mirror attached

to the suspension of the needle enables these deflections to be accurately

read with a telescope and scale. A simpler instrument suffices when the

zero method is employed. In this case the two electromotors are simul-

taneously connected to the quadrants, their electrodes being reversed. If

equal, the deflection will be zero. If unequal, it will be equal to the dif-

ference. By varying the known electromotive force until the deflection

is zero, the two are again equal.

While, in the direct method, the electromotive force is the quantity

which is measured, in the indirect method some other quantity or

quantities are measured, and the electromotive force deduced by calcu-

lation from the known relation between the quantities. "When, forexample,

the current strength is measured on the galvanometer and the resistance of

the circuit is known, the law of Ohm enables the electromotive force to be

computed. In Wiedemann's method, the electromotor to be measured is

joined up with the standard battery, in circuit with a galvanometer, first

with the electrodes in the same direction, then reversed. The electro-

motive force required is then the product of the standard electromotive

force by the quotient of the difference of the current strengths divided by
the sum. Another method consists in putting tiie standard cell in cir-

cuit with a galvanometer, the resistances of both being known. The
standard cell is then replaced by the electromotor to be tested and the re-

sistance in circuit varied until the same deflection is obtained. The elec-

tromotive force of the standard cell multiplied by the ratio of the second

total resistance to the first gives the electromotive force required. The
electrometer methods have the advantage of not using the current of the

electromotor to be measured ; and hence any change in its condition due
to the current produced is avoided.

From what has been said, it will be evident that the selection of the

standard cell is a matter of prime importance. The advantages of the

Daniell cell for this purpose are too well known to require elaborate state-

ment here. As used on closed telegraphic circuits and the like, two forms

have come into general favor. One of these is that employed originally

by Professor Daniell. It consists of a glass jar containing copper sulphate,

In which the copper plate is immersed, and of a porous cup containing

the zinc plate, a more or less dilute solution of zinc sulphate. The
other form is the modification first proposed by Varley and afterward

by Callaud, in which the porous cup is done away with, the differ-

ing densities of the two solutions being depended upon to keep them
separated. The copper sulphate solution is placed at the bottom of the jar

in contact with the copper plate. As the density of this solution when
saturated is 1.186 at 15° C. the solution of zinc sulphate ordinarily rests

upon it and in contact with the suspended zinc plate. But as the action

of the battery goes on and the zinc sulphate accumulates in the solution,

this later finally becomes heavier than the copper sulphate solution (the

density of a saturated solution of zinc sulphate being 1.44 at 15° C), and
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falls to the bottom ; thus reversing the normal conditions in the battery.

In 1871 Sir Wm. Thomson attempted to reverse the position of tlie plates

in this gravity battery and place the zinc at the bottom in contact with

the heavier solution. But the collateral disadvantages arising from,

the change more than balanced the advantages. lie returned to the

old form, therefore, but arranged a siphon in such a way that the

zinc sulphate solution should be gradually withdrawn and too great

concentration avoided. In practice the zinc sulphate should never be

allowed to accumulate so as to increase the density of the solution above

1.17. This may be accomplished readily by pouring off the solution from

the top of the jar and replacing it by pure water. Wlieu freshly set up,

both of the forms of battery above described require to be kept on

closed circuit for a day or two. Their condition of equilibrium is then

reached and they may be used for the determination of electromotive

force.

The difference of potential between the electrodes of a Daniell cell has

been determined by many experimenters; byRegnauld, by Poggendorfl, by

Buff, by Beetz, by Petruschefskj% by Clark and Sabine, and by Ayrton

and Perry, among others. They find that while it varies somewhat under

variations of condition, yet that on the whole, it is remarkably constant,

the maximum being l.OSl and the minimum 0.901 volt. In all tliese ex-

periments the copi)er was immersed in a saturated solution of copper

sulphate. The ziuc was placed in solution of sodium chloride, in dilute

sulphuric acid or in solution of zinc sulphate, all of var^nng strengths in

the different experiments. It is noticeable that in none of these measure-

ments made by indirect methods is the electromotive force as high as that

already mentioned as having been obtained by Sir William Thomson by

means of his absolute electrometer. Since the electromotive force of a

Daniell cell is the sum of the differences of contact-potential within it, it

would seem that any variation in the value of this electromotive force

must be due either to a change in the character or concentration of the so-

lutions, or to a difference of temperature. Moreover it has been observed

that the electromotive force of the gravity form of battery is always a lit-

tle higher than that of the cell in which a porous cup is used ; a result due,

probably, to the different conditions^ under wiiich the diffusion of the two

liquids takes place, a fact pointed out by J. W. Draper in 1834.

Using, therefore, the same form of battery, the solutions being always

the same in kind and in concentration, and the temperature being the

same, it is fair to infer that the Daniell cell may be made sufficiently con-

stant to serve as a reliable standard of electromotive force. Several

attempts have been made to do this. Raoult in 1864 (Ann. Chim. Phys.,

IV, ii, 345), proposed a standard cell consisting of two covered jars of

glass, one containing a copper plate in a saturated solution of copper sul-

phate, the other a zinc plate in a solution of zinc sulphate in an equal

weight of water. The two were connected by an inverted U tube, whose

ends were closed by porous plates of earthenware cemented to them. By
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means of a tubulure in the bend this tube was filled with the zinc sul-

phate solution. ^Yhen not in use, the U tube is removed and kept in a

separate vessel. Kempe in 1880 (,Z Soc. Teleg. Eiuj., June, 1880), described

a standard Daniell cell which has been adopted in the British Post-Office.

The containing vessel is of porcelain, having two compartments. In one
of these is a half saturated solution of zinc sulphate, reaching to the lower
edge of the zinc plate. In the other is a flat, porous cup containing the cop-

per plate surrounded with crystals of copper sulphate, and immersed in

copper sulphate solution. To use thfs battery, the porous cup is transferred

from one compartment to the other, thus raising the zinc solution into

contact with the zinc plate. After making the measurement, the porous

cup is replaced in its own compartment. Any copper which may have
been carried into the zinc solution is i)recipitated upon a fragment of zinc

kept constantly in it.

Having had occasion for a series of months, at intervals, to make measiu-e-

ments of electromotive force by the method of com[)arison, I have been led

to devise a form ofstandard Daniell cell which appears to have so important

advantages over others heretofore used as to justify me in bringing it to the

notice of the Society. The form of apparatus which has been adopted is

represented in the annexed wood-cut. It consists of two bottles with lateral

tubulures near the bottom. These are closed wrth rubber corks through

which passes a stop-cock of glass. The necks of the bottles also

carry corks of rubber, thi'ough which pass the rods of zinc and copper.

The bottle containing the rod of zinc is filled about three-fourihs with a

solution of zinc sulphate saturated at 15C> C. That containing the copper

rod with a saturated solution of copper sulphate. When the cell is to be

used for measurement, the cock is opened and the two liquids are thus put

in communication. At the end of the experiment, it is again closed and
all diffusion is prevented.* For ordinary use, especially where a large

number of cells in series is required, a much cheajier apparatus may be

constructed. Those set up in my own laboratory consist of a couple of

the cheap bottles now in general use for the nasal douche and for contain-

ing dry plate developers, which have a small lateral spout at the bottom.

Over these a rubber tube may be passed and tied, being closed when re-

quired by a wire compressor. In practice I have found it an advantage to

place a wisp of spun glass in the rubber tube to prevent adherence be-

tween its sides. The zinc and the copper rods pass through corks in the

mouths of the bcjttles as before.

The advantages which are claimed for this new form of cell are :

1st. Its constancy. "When set up, all such cells are identical. The zinc

is in contact with a solution of zinc sulphate, and the copper with one
of copper sulphate both saturated at 15'^ C. Moreover, this iden-

tity continues. When on closed circuit, the liquids are altered by dif-

fusion to a scarcely appreciable extent, the surface of contact being so

small. During action copper sulphate is decomposed on one side and cop-

The cell here represented was made for me by J. W. Queen & Co., of this city.
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per deposited ; zinc is dissolved ou the other side aud ziuc sulphate pro-

duced. The amount of current used in a moasureraent is small, first be-

cause the internal resistance of the cell is high, and second because the

duration of the test is brief. But the minute change thus caused in the
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solution is prevented, first, by keeping a crystal of copper sulpliate in the

copper solution, and second, by the deposition of the excess of zinc sul-

phate in crystals. Since the zinc solution is the heavier, any hydrostatic

transfer will be into the copper solution where no damage is done. When
the cell is on open circuit, no dilfusion takes place, communication being

cut off. And since the ai)paratus is wholly closed to the air, no change

in the conditions can arise from evaporation. Provided therefore the

temperature be uniform, the electromotive force of the cell may be ex-

pected to be constant within narrow limits.

2d. Its transportabilitj'. In the use of the ordinary Daniell cell, par-

ticularly of the gravity pattern, any change of position disturbs more or

less the conditions of equilibrium, and so varies the electromotive force.

After moving such a cell, therefore, or after altering in any way its normal

state, as bj- adding water lost by evaporation, it is necessary to allow

twenty-four hours or more of rest, before the battery can be trusted to give

proper measurements. But in the cell now preposed, no change can take

place in its conditions by being moved from place to place. Hence for

local testing in circumstances where a permanent battery cannot be had,

its value is considerable.

3d. Its convenience and cheapness. The common form of Daniell bat-

tery requires to be especially prepared for use. If set up anew, twentj'-

four nours are needed before it comes into good working action. Even
the improved forms of standard cell above described are more or less in-

convenient, since they require something to be done to put them in action.

But in the form now proposed the cell is alwaj's ready for use, no matter

how long a time may have elapsed since it was used before. The opening

of a stop-cock puts it in full operation. Moreover, this cell is readily con-

structed from apparatus and material at hand in every laboratory. And
if douche bottles are used, the cost is not over a dollar.

It is evident that the form of apparatus now described has a much wider

range than has yet been claimed. By its means not only may the effect of

using various solutions in contact with either plate of a Daniell cell be ac-

curately studied, free from many of the disturbing causing hitherto en-

countered, but by the use of various metals also, the innumerable ques-

tions of importance, concerning not only primary but also secondary bat-

teries, may be conveniently investigated. One of these for example, is the

question whether the zinc of a Daniell cell should be amalgamated. The im-

pression is very generally in favor of amalgamation, since in a zinc sulphate

solution amalgamated zinc is said not to become polarized ; and since the

electromotive force is one or two per cent, higher. But experiments have

shown, that while amalgamated zinc should be used when the solution is

acid, yet that when it is neutral, local action is greater with amalgamated

than with unamalgamated zinc.

Experiments now in progress with this new form of cell, it is hoped,

will enable some of these doubtful points to be satisf\ictorily settled.

Philadelphta, January 18, 1883.
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Henry Draper.

{Minute j^repared by Geo. F. Barker, Secretary American Philosophical

Society, for Proceedings, December 1, 1882. )

Henry Draper was born on the 7th of March, 1837, in Prince Edward
county, Va., his father being at the time Professor of Chemistry and Nat-

ural Philosophy in Hampden Sidney College. When but two years old,

his father was called to the chair of Chemistry in the University' of the City

of New York, and removed to that city in 1839. Henry was entered as a

regular scholar, first in the primary, and subsequently in the preparatory

schools connected with the University, and at the age of fifteen, entered

the collegiate department as an undergraduate. Upon the completion of

liis .sophomore year, however, he abandoned the classical course and en-

tered the medical department, from which he graduated with distinction

in 18.j8. The ft)]lowing year he spent in Europe. "While abroad he was

elected on the medical staff of iJellevue Hospital ; and on his return he

assumed the position and discharged its duties for eighteen months. In

1860, at the age of 23, he was elected Professor of Phvsiology in the Classical

department of the University, and, in 18G6, to the same cliair in tlie Medi-

cal department ; being soon after appointed Dean. In 1873, he severed

liis connection with the medical department ; and in 1882, upon the death

of his father, he was elected Professor of Chemistry in the Classical de-

partment ; a position which he held until the close of the current aca-

demic year.

Keared in direct contact with science and scientific thought, as Dr.

Draper was, it is not surprising that at an early age he developed a decided

preference for scientific pursuits. His father was a man not onlj' of the

widest scientific knowledge, but he was also of exceptional ability as an in-

vestigator. To live in contact with this genial and learned man, was of

itself a scientific education of the highest type. Henry was early taken

into his confidence in scientilic matters, and was called upon to assi&t his

father not only in his lectures, but also in his investigations. The scien-

tific spirit which presses forward unflaggingly in the pursuit of truth and

which wrests from Nature the profoundest secrets by patient and long con-

tinued application, had long been characteristic of the elder Draper ; it

was now fully developed in his son. AVhile yet a medical student, he un-

dertook a most difficult research upon the functions of the spleen ; and,

conscious of the inaccuracies incident to drawings, he illustrated this re-

search—afterward published as his graduating thesis—with micropho-

tographs of rare perfection for those early davs, all taken by him-

self. "While engaged with the microscope in making these photographs, he

discovered that palladious chloride had a remarkable power in darkening

or intensifying negatives ; an observation subsenuently of much value in

photography.

During his sojourn in Europe, he had visited the great reflecting tele-

scope of Lord Rosse at Parsonstown, Ireland. The sight of this instrument
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inspired him with a desire to construct one like it, though on a smaller,

scale, and turned his attention toward astronomy and astronomical photo-

graphy. Soon after his return he began the construction of a metal specu-

lum, fifteen inches in diameter, completing it in 1860. Subsequently he ac-

cepted a suggestion contained in a letter written to his father bj' Sir John

Herschel, and abandoned speculum metal for silvered glass. In the year

1861, he made several mirrors of silvered glass, Loi inches in diameter.

The best of these was mounted as a Newtonian telescope, in a small wooden

observatory erected at Hastings-on-Hudson, his father's country seat. The

details of grinding, polishing, silvering, testing and mounting this reflec-

tor, all of which he did with his own hands, were published as a mono-

graph by the Smithsonian Institution. This publication has had a de-

served popularity, and has become the standard authority on the subject.

Much experimental work was done with this telescope ; that which is best

known, being his photograph of the moon. More than 1500 original

negatives were taken with this instrument. They were one and a quarter

inches in diameter, but such was the perfection of their detail that they

bore enlargement to three feet, and in one case to fifty inches without in-

jury. The success of this mirror stimulated him to undertake a still

larger one, and, in 1870, he finished a silvered glass mirror, twenty-eight

inches in diameter. A new dome was built for it by the side of the old

one, the mounting being equatorial, and the telescope Cassegrainian
;

though subsequently a plane secondary mirror was substituted for the con-

vex one. A refracting telescope of five inches aperture was attached to the

tube of the reflector, as a finder. With this larger instrument, work was

at once begun upon photographic spectra ; and, in 1873, a beautiful photo-

graph was obtained of the spectrum of a Lyrse (Vega), which showed

the dark lines ; a step far in advance of anything which had been accom-

plished in this direction up to that time. Desiring to make simultaneous

eye-observations, Dr. Draper, in 1875, placed upon the same axis, a re-

fracting telescope of twelve inches aperture, made by Alvan Clark &
Sons. Id 1880, this was exchanged for another refractor by the same mak-

ers, of eleven and a half inches aperture, but furnished with an additional

lens to serve as a photographic corrector. The work of stellar spectrum

photography went steadily on, the new refractor now doing the principal

work. More than a hundred such photographs were made, most of these

having upon the same plate a photograph of the spectrum of Jupiter,

Venus, or the moon. These latter, giving the solar lines by reflection,

enabled the stellar lines to be identified by direct comparison.

Reflecting on the extreme sensitiveness of the dry-plate process in pho-

tography, he was led to experiment on the reproduction of nebulae by its

means ; and on the 30th of September, 1880, he succeeded by an exposure

of fifty-seven minutes in obtaining a photograph of the nebula in Orion. Sat-

isfied now that the idea was an entirely feasible one, he devoted himself un-

interruptedly to securing the greatest possible perfection in the driving

clock and to improving the details of manipulation. In March, 1881, a
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second and much superior photograph of this nebula was secured after an

exposure of 104 minutes. And finally, a year later, on the 14th of March,

1882, he succeeded in making a successful exposure of 137 minutes, and

in producing a most superb photograph, which showed stars of the 13.7

magnitude, invisible to the eye, and in which the faint outlying regions of

the nebula itself Avere clearly and beautifully shown. This unrivaled

photograph, by far the most brilliant success yet achieved by celestial

photograph)', will ever have a very high astronomical value, since by

a comparison with it of photographs of this nebula, taken many
years subsequentlj', changes which are going on in it may be traced

and their history written. Ordinarily the photograph of a spectrum

is more difficult than one of the object itself. But in this case it is

not so. The spectrum being of bright lines, the light is localized and

readily impresses the plate. Moreover, any error in the rate of the clock

or any tremors of the instrument, which are fatal to the nebula, count for

little in photographing its spectrum ; since the image is thereby simply

shifted otf the slit and no injury results to the definition. Many excellent

photographs of the spectrum of the nebula in Orion were obtained by Dr.

Draper, however, the chief interest in which consists in the fact that be-

side the characteristic bright lines, there are traces of continuous spectrum

in various parts of the nebula, suggesting the beginning of condensation.

Beside the work done at his observatory at Hastings, which may be

called astronomical work proper. Dr. Draper occupied himself with col-

lateral questions of not less importance, in the admirably equipped physi-

cal laboratory he had built in connection with his residence in New York

City. It was here, in 1873, that he made the exquisite, and to this day un-

equaled photograph of the diffraction spectrum. The region from wave-

length 4350, below G, to wave-length 3440 near O, was contained upon a

single plate. The Roman astronomer Secchi reproduced this photograph

as a steel plate for his great work on the Sun, and the British Association,

in 1880, endorsed it as the best known standard spectrum by publishing a

lithograph of it in their Proceedings. The grating used to produce this

photograph was one of Mr. Rutherfurd's superb plates, ruled with 6481

lines to the inch. It was in his New York laboratory, too, that he made

the most important discovery of his life, perhaps ; that of the existence of

oxygen in the sun. After months of laborious and costly experiment, he

succeeded, in 1876, in photographing the solar spectrum and the spectrum

of an incandescent gas upon the same plate, with their edges in complete

contact ; thus enabling the coincidence or non-coincidence of the lines in the

two spectra to be established beyond a doubt. On examining the spectrum

of oxygen thus photographed, he saw that while the lines of the iron and

the aluminum used as electrodes, coincided, as they should do, with their

proper dark lines in the sun's spectrum, the lines of oxygen agreed with

bright solar lines. Whence the important conclusion announced by him,

Ist, that oxygen actuallj' existed in the sun, now for the first time proved ;

and, 2d, that this gas exists tiiere under conditions either of tempera-
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ture or pressure, or both, which enable it to radiate more light than the

contiguous portions of the solar mass. This view of the case however,

required radical modification in the then accepted view of the constitution

of the sun ; a moditlcation which he pointed out and advocated. So ex-

ceptional were these results, and especially the conclusions from them,

that it was hardlj^ to be expected that they should be at once accepted.

Dr. Draper, however, in this, as in all his Work, Avas his own severest

critic. Increasing constantly his appliances and perfecting his methods he

produced, in 1879, another photograph on a much larger scale, which
showed the coincidences which he claimed, especially of groups of lines,

so unmistakably as to leave no question of the fact in a mind free from

bias. To strengthen still more the evidence on the subject, he had
planned for execution the present winter, a research upon the spectra of

other non-metallic gases, in the hope that some of these, too, would be

found represented as bright lines in the sun spectrum.

In 1878, he was the director of a party organized by himself to observe the

total eclipse of the sun of the 29tli of July. His familiarity with the lo-

cality led him to select Rawlins, Wyoming, an important station on the

Union Pacific Railway, as the objective point. The result justified his

selection. The expedition was entirely successful, and the observations

which were made were of great value. By means of his splendid appa-

ratus. Dr. Draper himself obtained an excellent photograph of the corona

and also a photograph of its diffraction spectrum which was apparently

continuous. In 1880, he obtained a number of spectra of Jupiter in con-

nection with stellar work. On examining one of these spectra, the pho-

tograph appeared to him to show that the planet really furnished a cer-

tain amount of intrinsic light. The exposure on Jupiter was fifty minutes,

the spectrum of the moon being taken in ten. The original negative was
sent over to his friend, Mr. A. C. Ranyard, who presented it to the Roj'al

Astronomical Society. In June, 1881, he took several excellent photo-

graphs of the comet, and also of its spectrum. With a slit and two prisms

he obtained three photographs of the spectrum, with exposures of 180,

196, and 228 minutes, respectively. On each plate, a comparison spectrum

was also photographed.

Upon the organization of the United States Commission to observe the

Transit ot Venus in 1874, Dr. Draper's great attainments in celestial pho-

tography pointed him out at once as the man best suited to organize the

photographic section, and he was accordingly appointed Director of the

Photographic Department. He went at once to Washington, entered

heartily into the work, and during three entire months devoted himself

to the labor of organizing, experimenting and instructing ; declining sub-

sequ-ently all compensation for the time thus spent. Although his duties

at home prevented him from joining any of the expeditions, yet so instru-

mental had he been in making the transit observations a success, that

upon the recommendation of the Commission, Congress ordered a gold

medal to be struck in his honor at the Philadelphia Mint. This medal
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is 46 millimeters in diameter. It has the representation of a siderostat in

relief upon the obverse, with the motto: " Famam extendere factis,

hoc virtutis opus." On the reverse is inscribed the words: "Veneris

in sole spectandie curatores R. P. F. S. Henrico Draper, M. D., Dec.

Vlir, MDCCCLXXIV ;" with the motto :
" Decori decus adJit avito."

Professor Draper was appointed, in 18lil, Surgeon of the Twelfth llegi-

ment of New York Volunteers ; a position which he accepted and in

which he served with credit. In 1876, he was made one of the Judges in

the Photographic Section of the Centennial Exhibition. In 1875, he was

elected a member of the Astronomische Gesellschaft. In 1877, he re-

ceived an election to the National Academy of Sciences ; and in the same

year he was made a member of the American Philosophical Society. In

1879, he was elected a Fellow of the American Association for the Ad-

vancement of Science. In 1881, the American Academy of Arts and Sci-

ences worthily enrolled him among its members. In 1883, the University

of Wisconsin and the University of New York conferred on him, almost

simultaneou.sly, the degree of LL.D.

For several years it had been Dr. Draper's custom to join his friends,

Generals Marcy and Whipple, of the Army, in the early fall, for a few

weeks' hunting in the Rocky mountains. In 1882, the party left New
York on the 31st of August, went by rail to Rock creek, on the Union Pa-

cific Railway, and from there went north in the saddle ; reaching Fort Cus-

ter, on the Northern Pacific Railway, near the middle of October. Dur-

ing the two months of their absence the party rode fifteen hundred miles on

horseback, as Dr. Draper estimated. When above timber line early in

October, they encountered a blinding snow storm with inten.«e cold and

were obliged to camp without shelter. Dr. Draper reach'ed New York on

the 25th of October. Ordinarily, he returned refreshed and invigorated

with the splendid exercise of the trip ; but this year the distance traveled

seemed to have been too great, and this, together with the hardships en-

countered, seemed to have wearied him. Pressure of delayed business

awaited him and occupied his time at once. Moreover, the National Acad-

emy was to meet in New York in November ; and he was to entertain

them as he had always done. This year the entertainment was to take the

form of a dinner. In order to offer them scientific novelty, he determined

to light the table with the Edison incandescent light, the current being

furnished from the machine in his laboratory. But the source of power ))eing

a gas engine, and therefore intermittent, a disagreeable pulsation was ob-

servable in the light. To obviate this he contrived an ingenious attach-

ment to the engine whereby at the instant at which the speed was accel-

erated by the explosion of the gas in the cylinder, a lateral or shunt circuit,

should be automatically thrown in, the resistance of which could be va-

ried at pleasure. With his admirable mechanical skill ho extemporized the

device from materials at hand and found it to work perfectly. The dinner
was given on the evening of November 15th, and was one of the most
brilliant ever given in New York ; about forty academicians, together
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with a few personal friends as invited guests, sitting at table. But Dr.

Draper's overwork now told upon him ; slightly indisposed as he had been

before, he was unable to partake of food, and a premonitory chill seized

him while at the table. As soon as the dinner was over, he took a hot

bath, thinking thus to throw it off. But while in the bath a second and

severer chill of a decided!}' congestive type attacked him, and it was only

with the greatest difficulty that he could be carried to his bed. His warm
friend and former colleague. Dr. Metcalfe, was at once summoned and

pronounced the attack double pleuritis. The best of treatment and the

most careful nursing seemed for two or three days to be producing an

effect for the better. But on the Sunday following, heart complication

developed and he died about 4 o'clock in the morning of Monday, the

20th of November.

Viewed from whatsoever standpoint, the life of Henry Draper appears

as successful as it was earnest, honest and pure. His devotion to science

was supreme ; to him no labor was too severe, no sacrifice too great, if by

it he could approach nearer the exact truth. The researches he had

already made, and much more those he had projected, involved the largest

expenditure of his time and means. Bat such was his delight in his sci-

entific work, and his enthusiasm in carrying it on, that he was never

happier than when hardest at work in his laboratory, never more cheerful

than when most zealously laboring with his superb telescopes. Moreover,

he was as eminent as a teacher of science as he was as an investigator.

His lectures were simple, clear and forcible. They held the interest of

the class and awakened their enthusiasm while the}' enriched the stu-

dent's store of knowledge and strengthened his powers of observation and

of reason. In the laboratory he was keen, thorough and impartial, while

at the same time considerate and helpful ; ever striving to encourage hon-

est endeavor and to assist the earnest worker.

Still another ,'sphere of labor, however, made demands upon his time.

In 1867, he married Mary Anna, the accomplished daughter of Courtlandt

Palmer, of New York. Upon Mr. Palmer's death, in 1874, Dr. Draper

became the managing trustee of an immense estate and, with his charac-

teristic energy and efficiency, entered at once upon the task of reducing it

to a basis of maximum production with the minimum amount of attention.

The responsibility which thus rested upon him, the harassing demands of

tenants, the endless details of leases, contracts and deeds, and the no less

annoying complications of necessary law suits, worried him incessantly.

And had it not been for his unsurpassed business capacity, he might have

failed. But he was equal to the demand upon him, and within a few

years, order had come out of confusion, and a few hours at his office daily

enabled all to flow along smoothly.

To indicate the esteem in which Dr. Draper was held by his confreres

in science, the following passages maybe quoted from an excellent biogra-

phical notice of him written by Professor Young, of Princeton :
" In per-

son he was of medium height, compactly built, with a pleasing address,
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and a keen black eye which missed nothing within its range, lie was

affectionate, noble, just and generous ; a thorough gentleman, with a quick

and burning contempt for all shams and meanness ; a friend most kind,

sympathetic, lielpful, and brotherly
;
genial, wise and witty in conversa-

tion ; clear-headed, prudent and active in business ; a man of the highest

and most refined intellectual tastes and qualities ; a lover of art and music,

and also of manly sports, especially the hunt ; of such manual skill that

no mechanic in the city could do finer work than he ; in the pursuit of

science, able, indefatigable, indomitable, sparing neither time, labor nor

expense."

•'Excepting his early death. Dr. Draper was a man fortunate in all

things ; in his vigorous physique, his delicate senses, and skillful hand ;

in his birth and education ; in his Iriendships ; and especially in his mar-

riage, which brought to him not only wealth and all the happiness which

naturally comes with a lovely, true-hearted aud faithful wife, but also a

most unusual companionship and intellectual sympathy in all his favorite

pursuits. He was fortunate in the great resources which lay at his dis-

posal, and in the wisdom to manage and use them well ; in the subjects he

chose for his researches and in the complete success he invariably

attained."

Such a man as this it is whose name we are sorrowfully called upon to

strike from the roll of our living membership. Professor Draper was

a man among men, a scientist of the highest type. Stricken down in the

midst of his life-work, at the early age of 45, the bright promise of his

noble life is left unfulfilled. What brilliant researches in his favorite science

he would have made, we can never know. But with a mind so richly en-

dowed and so thoroughly trained, with an experimental ability as earnest

as it was persistent, with facilities for investigation which were as perfect

as they are rare, with abundance of time and means at his disposal, and
above all, with a devoted wife, who keenlj'^ appreciated the value of his

scientific work, was ever at his side as his trusty assistant and always

shared in the glory and the honor of his discoveries, we may be sure that,

had he been permitted to reach the age of his honored father, results

would have been reaped by his labors which would have added still

brighter lustre to the science of America.

Map of the I'erminal Moraine.

On page 476 it is recorded in the minutes of the meeting, October 6,

1882, that Prof. Henry Carvill Lewis read a paper on the course of the

great Terminal Moraine through Pennsylvania, studied by him as volun-

teer Assistant of the Second Geological Survey of Pennsylvania, and de-

scribed in his unpublished Report of Progress, Z, illustrated by photograph

pictures taken by ^Ir. E. B. Harden, Topograpliical Assistant to the

Survey.
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Mr. Lewis described the hummocks west of Bangor in Northampton

county ; the striated boulders ; the clay plain ; S. W. pointing stria? near

Bangor ; the moraine ascending and descending the slopes of the Kitta-

tinny mountain, west of the Delaware Water gap ; boulders, 30 feet long,

of fossiliferous Lower Helderberg limestone, from the outcrop in the

valley in Monroe county, now perched on the crest of the mountain, 1400

feet above tide ; boulders of well rounded Adirondack syenite from North-

ern New York ; the moraine ascending to the summit and stretching west-

ward across the Pocono plateau, 2000' A. T. where it forms Long ridge,

twelve miles long, a mile wide and 100 feet high ; damming Long pond ; de-

scending to the bed of the Lehigh river, and crossing the Hazleton coal

field mountains, Cunnj'ugham valley and Nescopec mountain and the

Susquehanna river above Berwick ; its curious ascent and descent of the

Shickshinny mountain, with a i)erchcd boulder on the crest ; the ascent of

the Alleghany or Great North mountain ; the course of the moraine

through Lycoming and Potter counties into the State of New York ; its

return, and its south-west course through Warren, Butler and Beaver

counties to the Ohio State line.

The accompanying map was prepared to show the course of the moraine

with regard to the topography.

Note on a large Fish-platefrom the Upper Ghemamj (?) beds of Northern Penn-

syhania. By E. W. Claypole.

{Read before the American Philosophical Society, April 6, 18S3.)

During a visit paid in the northern counties of this State in October la.st,

I met a gentleman residing in Susquehanna county, Mr. A. Carter, who
told me that some time previously he had ploughed up in one of his

fields a large stone containing very peculiar markings upon its surface.

Being unable to recognize it from his description, I requested him to send it

down to me for examination on his return home. This he did, and a

single glance showed an impression of a very large fishplate in excellent

preservation. Except one or two marks which had been made by the

point of the ploughshare the cast was jierfect.

It was, however, unlike anything which I had previously seen, and no

material within my reach gave me the means of identifying it. It was ap-

parently a nondescript. I accordingly forwarded a rough outline and
description to Prof. Cope, who told me in reply that he could not at the

moment of writing, recall anything resembling it.

I next sent a similar communication to Dr. Newberry, with the request

that he would inform me if in his collection there was any similar speci-
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men. In reply he told me that he thought he hail fragments that might

belong to the same species, but they were not sufficiently perfect for de-

scription. Feeling anxious to have Dr. Newberry's decisive opinion I

next forwarded to him a photograph of the plate, asking if that would
enable him to express an opinion whether the specimen belonged to a de-

scribed or an undescribed species offish. In reply he informs me that the

fish in question is undescribed, but that he has some fragments of what he

thinks is the same species, too imperfect for description.

Knowing that Prof. Whiteaves, Palneontologist to the Canadian Survey

had been working recentlj^ among some new Upper Devonian fishes, I

sent him a photograph, requesting his opinion upon it. He has replied,

saying, that tliere is no similar specimen among all those which he has

seen from Scaumenac bay, and that he believes itis undescribed.

Description.

The specimen in question so far as the means at my command enable

me to determine belongs to some species of the genus Pterichthys, or to

some kindred genus, and is apparently the ventro-median plate. It is pent-

angular in outline but inequilateral, nearly symmetrical but not perfectly so.

The front (?) is formed by one of the angles of the pentagon and the two

sides enclosing this angle (of about 80^) are slightly concave outwardly.

One of these sides—the right on the cast—is four and the other three and

a quarter inches long. The former meets the third side of fhe pentagon at

an angle of about 120°. This side is six and a quarter inches long. The
latter meets at an angle of about 130° the fourth side of the figure which

measures six and a half inches in length. The pentagon is closed at the

base (back) by a short side of one and three-quarters of an inch long and

very concave outwardly. The base is, in consequence'of the inequality of

the sides, slightly oblique.

The surface of the plate is marked with an ornamentation which I can.

not find mentioned in the accounts of any other species. Instead of show-

ing the tubercular or pustulose appearance of Pterichthys, its character

more resembles (if we compare the great with the small) a magnified scale

of Holoptychius. It is completely covered with close set inierrupted

wrinkles, slightly wavy, anastomosing and again separating without any

appearance of regularity. These wrinkles meet the outside line almost at

right angles and radiate inward in the following manner: If from the

middle point of the axis of the plate straight lines be drawn to the upper

(front) and two lower (back) angles, and lines, upwardly convex, to the

lateral angles, the wrinkles in question start from these lines so as to meet

the periphery (as said above) nearly at right angles. The wrinkles are

subequal in size, largest anteriorly and posteriorly where they measure as

much as one-eighth of an inch in breadth and are separated by furrows of

about equal width. They increase slightly in size towards the periphery

and in the middle are very small and much interrupted.

A flat, finely striate margin surrounds the whole plate, commencing at
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the anterior angle where its bieacUli is nothing and widening to the lateral

angles where its breadth equals half an inch. The outer line of this mar-

gin between the lateral and basal (?) angles is straight, giving its greatest

breadth about the middle of these sides where it equals an inch. The

margin of the basal side is about three-quarters of an inch in breadth in

the middle. Tiie whole of this margin is very finely striate nearly at right

angles to the sides of the plate.

This margin is evidently the portion of the plate which was overlapped

by the adjoining plates and in this respect the resemblance between it and

the ventro-raedian plate of Pterichthys oblongus Ag. is obvious.

The outline of the plate corresponds very closely with that of the dorso-

median plate of Pterichthys, and were it not perfectly flat I should be in-

clined to refer it to that part of the exoskeleton. But this flatness renders

it more probable that it represents the ventro-median or well known

"lozenge-plate" of Hugh Miller—the central piece of the armor of this

fish on the lower side—overlapped on all sides by others.

Prof. "Whiteaves has very kindly lent me for comparison the original

and only specimen of the ventro-median plate of his new species, Coccosteus

Acadicus. This, much more closely than my specimen, resembles the

ventro-median plates of Pterichthys and Coccosteus, as given by Hugh

Miller in his "Old Red Sandstone." It is quadrilateral, with two out-

wardlj' concave and two straight sides. The ornamentation is very pecu-

liar, the plate being " quartered " if we may borrow an expression from

heraldry, and having crenulated ridges parallel to the outer side in the first

and fourth quarters and irregularly scattered tubercles in the second and

third. Altogether it shows little resemblance to the plate here described.

Prof. Newberrj' remarked in his letter that he very much doubted if the

plate here described belonged strictly to Pterichthys and was inclined to

consider it the type of a new genus. Probably this will be the result of a

better knowledge of its structure, but it would be premature in this note to

found a new genus on the fragments already known. When other parts of

the exoskeleton have been found it will be time to consider its generie

position. Meanwhile I suggest for it the provisional name, Pterichthys

KUGOSUS.

The accompanying figure is taken from a photograph and will suffice to

preserve the appearance of the specimen for future comparisons in the

event of its loss or destruction.

On the Ki/if/snUll White Sandstone. By E. W. Claypole.

(Read before the American Philosophical Society, April 6, 1883.)

Near the base of the red sandstones and shales which compose the Great

Ponent series of Professor Rogers, lies a thin bed of white sandstone which
promises to be of much interest, and perhaps of some importance in the
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Pterichthys? nuGOSus, sp. n. Uppek Chemung, Penna. From a pho-

tograph of a plaster cast taken from the impression in sandstone.

PROC. AMER. PHILOS. SOC. XX. 113. 4p. PRINTED MAY 25, 1883,
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geology of Perry county and of Middle Pennsylvania. In itself in nowise

remarkable, it abounds in organic remains which when worked out will

yield a rich fauna.

It is at present impossible to decide the exact horizon to which this sand-

stone belongs. For this reason, and to avoid prejudging the question, I

have retained the term "Ponent." The transcendental nomenclature of

Rogers is doomed to deserved extinction, but until we can determine

finally what terms shall take the vacant places, it is wise to retain such of

them as are necessary or convenient.

There is no question regarding the extent or signification of the term

"Ponent" as employed by Professor Rogers. It is purely a lithological

term, and is neither based on nor supported by palatontological evidence.

In many parts of Middle Pennsylvania the dividing line which limits this

Ponent Group is almost as easily seen in the rocks as on a geological dia-

gram.

By the term "Ponent," Professor Rogers intended to designate all that

great mass of red sandstone and shale, which intervenes between the top

of his olive " Vergent" shales (Chemung of New York), and the Great

Lower Carboniferous sandstone above them. The color and material of

the beds are the sole foundations on which the distinction is based.

Paheontological considerations were not in the least regarded, partly be-

cause the time and means at the command of the First Survey forbade any

extensive search for fossils, and partly because the great barrenness of

these red shales and sandstones discouraged the same.

In New York, on the other hand, though fossils were also very scarce,

yet an attempt was made by Professor Hall to establish a palseontological

basis for his " Catskill Group," and the few relics that Avere obtained from

the scanty exposures of these red shales and sandstones in that State

were considered "characteristic." These are, strictly speaking, only two

in number

—

Holoptychins Americanus and Sauripteris Taylori.

The base of the Catskill Group in New York is therefore double, litho-

logical and palaeontological. It may be to some extent an open question,

whether or not these two horizons exactly coincide, and possibly the ques-

tion may not admit of solution from the few and obscure exposures in that

State. But until the coincidence of the horizons in New York with those

in Pennsylvania is definitely settled, it would be premature to assume it.

Consequently I retain for the present the term "Ponent" in writing of

these beds.

The Kingsmill white sandstone lies near the base of these red sandstones

and shales. Consequently it is in the Ponent Group of Pennsylvania. Its

exact position is about GOO feet above the actual base of the red shales and

sandstones. Palseontologically, the evidence leads to the same conclusion

for about 400 feet below it are two fish-beds full of the remains of Saurip-

teris and Holoptychius. There is consequently no question of its position,

judging from the data that have been hitherto accepted by geologists.

Whether or not turther examination of the Kingsmill sandstone will compel



1883.] 669 [Claypole.

some modiflcatioii of these data time will show. As the lines ot discrimina-

tion are now drawn, this sandstone must therefore be placed in the Ponent

Group of Pennsylvania, and on paljeontological evidence in the Catskill

Group of New York. And no future changes can raise it. Any alteration,

if made, can only lower it by placing it in the underlying or Chemung
(Vergent) Group.

These details are necessary as an introduction to the facts and argument

which follows.

Among the numerous fossils of the Kingsmill sandstone (many of which,

though casts, are in excellent preservation, often showing the finest detail

of structure), is one which at an early stage of the work arrested my at-

tention. Its beautiful condition and the immense number in which it

occurs were sufficient for this purpose. It is no exaggeration to say that at

some of the exposures this fossil occurs in millions.

For some time I could get no clue to its name. At length, however,

after going through with care all the material in my possession or within

my reach, that bore upon the subject, I became almost certain that it was

a fossil figured by Professor Hall in the geology of the Fourth District

of New York, under the name Cyprica/rdia rJiombea. Possible inferences

from this determination, however, deterred me from making use of the

conelusion, and I laid the matter aside for further consideration.

Returning to the subject during the winter, while engaged in the study

of my summer's collection, I found no reason whatever to distrust my pre-

vious determination, but in order to obtain the confirmation of another

observer, I enclosed a specimen in a small parcel which I had occasion to

send to Professor Whitfield, of the American Museum of Science, re-

questing his opinion on the identification. In his reply, he said :

" The shell sent is, I think, without question, Schizodus rhombeus Hall

( Cypricardia rhombea) of the Fourth District Report. We have no really

authentic specimens here, they being all in Professor Hall's hands at

present."

In order to make the identification perfectly certain, I packed up a speci-

men, and sent it to Prof. Hall, with a request for his opinion upon it. In

reply, he writes under date of March 10th, 1883.

"I do not perceive any important difference between the specimen sent,

and Schizodus rhombeus, though I have not before had the casts of the

interior, which I am glad to receive."

There remains therefore no doubt that the specimens here alluded to be-

long to the species Schizodus rhombeus Hall, of the Geological Report of

the Fourth District of New York, where it was described and figured

under the name of Cypricardia rhombea. It was found four miles north of

Panama, Chautauqua county. New York, and attributed to the conglom-

erate at the base of the Carboniferous system. This opinion is now proba-

bly held by few or by no one. Prof. Hall said in the Twenty-third Re-

gent's Report (p. 10) :

"In the original collections of the Geological Survey, some of the con-
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glomerates of the southern counties containing certain fossils were referred

to and arranged with the Chemung Group, while those from other locali-

ties, but without fossils, were referred to Carboniferous age. This latter

reference arose from finding some ferruginous beds supposed to be out-

liers of the red sandstone of Tioga, near the summits of some of the bills

and below the conglomerates. These have since been proved by their con-

tained fossils to belong to the Chemung Group, and it has not yet (1871)

been demonstrated that the red sandstone of the adjacent part of Pennsyl-

vania does occur within the limits of the south-western counties of New
York.

"To a very great extent the conglomerates have been ascertained to be-

long to the Chemung Group, and to contain numerous fossils of that forma-

tion, while in some localities at least two hundred feet ot shales and shaly

sandstones, charged with Chemung fossils, lie above the conglomerates.

So many localities have now been examined that we may conclude that all

the conglomerates of the southern counties are of the age of the Chemung,

but from the great difference in character of the fossils from different

localities, it may not be regarded as proven that these beds are all of the

same horizon.

"The relations of some of the outlying conglomerates south of Olean in

New York and the adjacent parts of Pennsylvania in McKean county, to

the Chemung Group and Coal Measures have not yet been satisfactorily

determined."

Mr. Carll in Report III has given a minute account of the Panama con-

glomerate at its several exposures in Chautauqua county, New York, and

has pointed out its peculiarities. He has also given a list of fossils obtained

from it, which agrees, so far as the species were determined, with that given

by Prof. Hall (Geol. 4th Dist. p. 291), except in one point. The following

are the lists :

Prof. Hall's list. Mr. Carll's list.

Euomphalus depressits Euomphalus depressus

Cypricardia rhombea Cypricardia rhombea

Cypricardia contracta Cypricardia contracta,

Spirifer disjunctus

Mr. Carll does not give his locality, but as he describes a quarry four

miles north of Panama, it may be inferred that he obtained some of them
there. This is the locality mentioned by Prof. Hall.

One curious fact is the great discordance between the two accounts of

the rock. Prof. Hall says :

"Fossils are exceedingly rare in this rock, having been seen in one lo-

cality only, four miles north of Panama."
Mr. Carll says :

"One of the exceptional features of the Panama rock is the great abun-

dance of fossils found associated with it, and even in the pebble mass itself."

Probably, judging from the resemblance between the lists given above,

the abundance of fossils is a local character of the rock. In this way we
may perhaps reconcile the two accounts.
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Without laying too much stress on a single species, it may be worth

consideration whether or not the Panama conglomerate of Report III may
be of approximately the same age as the Kingsmill white sandstone above

described.

The following points of resemblance may be noted :

1. The Kingsmill sandstone is often conglomeratic.

2. The Kingsmill sandstone contains abundance of flat lenticular quartz

pebbles. I have never seen a pebble of any other shape in it. This is a

distinguishing feature of the Panama rock according to Mr. Carll and Mr.

Ashburner.

3. The Kingsmill sandstones contain abundance of fossils, among which,

in one locality at least, is found in profusion Schizodus rhombeus, one of the

three characteristic species of the Panama rock.

The Sub-Olean or Sub-Garland conglomerate of Messrs. Carll and Ash-

burner is the only other conglomerate in that part of Pennsylvania holding

similar flat pebbles. See Rep. III.

I have not yet identified with certainty either of the other three species

mentioned by Prof. Hall and Mr. Carll to occur near Panama in the

conglomerate, but so far as I have yet observed Schizodus rhombeus is

strictly limited in Perry county to this single bed of sandstone not exceed-

ing ten feet in thickness. A scarce form, usually imperfect, much resem-

bles 8. contractus
(
Cypricardia contracta), and may prove to be so. The

Gasteropods are in so ill preserved a condition that their identification is

attended with great difllculty.

If any importance be attached to this suggestion, it only remains to point

out the horizon of the Kingsmill sandstone, which admits of no doubt,

although it may admit of slight differences of opinion. As mentioned at the

beginning of this note, it lies near the base of the great " Ponent " seriet.

of Prof. Rogers. It must, therefore, be about the top of the Chemung or

the base of the Catskill of Xew York, or perhaps better in what we may
call the "Chemung-Catskill passage beds." It is not probable that the

palseontological evidence, when complete, will warrant the placing of this

sandstone and its associated strata fully within either of these two great

groups of New York.

The Kingsmill standstone cannot of course be a continuation, unchanged,

of the Panama conglomerate for, according to the testimony of Mr. Carll

and Mr. Ashburner, the latter graduates down into soft shales when fol-

lowed a few miles to the south-east of Panama. But it may be a bed on the

same or nearly the same horizon, and the deposit of a sea tenanted by the

same species. It may even be a continuation of the same bed taking on its

sandy nature again in consequence of changed conditions.

It only remains to add that, though the three or four species above enu-

merated form the whole of the known fauna of the Panama conglomerate*

* The list of fossils from the Panama conglomerate or its associated conglom-
erates has apparently been increased since the publication ot the Geology of
New York, by the addition of the following three species ;

Edmondia (eriuimarginalis ^= Cardinia ceqitimarginalis Win.
Allorisma Hannibalensis = Grammysia Hannibaleiinis Shumard.
SanguinoUtes clavulus Hall.
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in New York, yet the Kiugsiuill sandstone contain a rich fauna, the names

of which will form, when worked out, a long list,

In addition to what has been said above concerning the fossils of the

Panama conglomerate, the following notes are worthy of a little space.

Prof. A. Winchell in a paper printed in the Proceedings of the Acad, of

Nat. Sciences, 1865, says, when speaking of the fossils of the Marshall

Group of Michigan :

"Perhaps the most interesting feature of all is the identification of four

Western species with fossils contained in the supposed Carboniferous con-

glomerate of Western New York. These are :

Euompludus depressua Hall= Straparollus Amnion "White.

Cypricardia eontracta Hall =: Edmondia bicarinata Win.
= Sangainolites rigidus Win.

= Cypricardia rigida White and Whitf

.

Edmondia mquimargiualis Win

,

Allorisma Hannibalemia Shum.

"Further than this, two of the above species

—

E. cequimarginalis B.nd.-

Allorisma RannibaUnsis—occur in what has been regarded as another con-

glomerate whose position is beneath the first, and at the top of the Che
mung rocks of Western New York."

In regard to this last remark, Mr. Ashburner in Report III, pp. 70-79,

says that the Panama conglomerate is the lowest sandstone in the N.

W. of Pennsylvania and S. W. of New York. He says that an oil well

sunk close to the base of the Panama rock passed through 1200 feet of soft

shale and slate, and that other wells in the region gave similar sections.

He says that, granting all the conglomerates cropping out and forming

rock-cities along the State line hills to be distinct beds, they lie thus :

1. Clean (.Garland = Sharon = Ohio).

2. Sub-Glean, Sub-Garland, Shenango.

3. Tunangwant.
4. Salamanca. ,

5. Panama.

On his view, therefore, there is no older conglomerate than the Panama
in the region.

Prof. Wiuchell argues that because these four species occur in the Mar-
shall Group in Michigan, and in the Panama (or its equivalent) conglom-
erates of New York, therefore the Marshall Gi'oup is more or less the

equivalentof these conglomerates which he assumes to be of Lower Carbo-

niferous age as stated in the Geology of New York. Consequently, he in-

fers that the Marshall grits and conglomerates of Michigan are of Lower
Carboniferous age. The evidence given above, shows that one of the spe-

cies of the Panama conglomerate is not Lower Carboniferous, but belongs

at the base of the Catskill. The other species may be found in the same
horizon. The inference from this datum, somewhat slender it is true, is
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that the Panama conglomerate belongs to the base of the Catsklll, and
probably also the Marshall grits of Michigan.

No representative of the Catskill has yet been found or recognized so far

as I am aware in Michigan. A gap is left in the Michigan section between

the Chemung and the Lower Carboniferous.

Mr. Lesley remarked on this paper of Prof. Claypole's,

that he could not agree with the sentiment expressed in its

introduction respecting the doubtful propriety of the use of

the term " Catskill formation " as an equivalent of Prof.

Roger's " Ponent formation."

It is a mistake to suppose that the " Catskill formation " was based in

any degree upon fossil forms, any more than was the "Ponent." The
two terms are completely and exactly identical. The New York geologist

meant by it the red rocks constituting the Catskill Mountain massif,

overlooking the Hudson valley, and extending unbroken far into Penn-
sylvania, and in fact through Pennsylvania into Maryland and Virginia.

It.was described as a pile of nearly horizontal Devonian strata destitute

of fossils remains, except a few macerated plants and one or two types ot

fish. Mr. Rogers had to describe the same mass of strata, with the same

lithological constitution and topographical aspect, and perfectly continuous

with it geographically. There never was any question, nor is there now
any question of the identity ot this mass of strata in the two States. But

as Mr. Rogers declined to accept any of the Palaeozoic names of New York
and invented a new nomenclature for his own use in Pennsylvania, he sub-

stituted Ponent for " Catskill," as he substituted Medidial for " Oriskany,"

Postraedidal (or "Upper Helderberg," Cadent for "Hamilton," Vergent

for "Chemung and Portage," &g. The only essential change he made
was in giving a separate name, Vespertine, to the gray sandstone strata

forming the jjeaks of the Catskill. These had been left unnamed (or in-

cluded under the general name "Catskill ") because the N. Y. geologists

had no clue to their topographical significance, which onlj'^ appears after

passing west of the Lehigh, where, upturned vertically, they constitute a

separate range of mountain.

In the reports of the Second Geological Survey the transcendental

nomenclature of the brothers Rogers has been set aside in favor of the

older, classical and generally accepted nomenclature of the New York
geologists. As the gray sands of the Catskill peaks form the top coating of

the Pocono tableland in Pennsylvania, the name "Pocono" has been

substituted for Vespertine ; but this leaves the term Pone?i^ represented, as

it always has been, by " Catskill."
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The discussion in New York respecting the lower limit of the Catskill

formation (recently settled by the proper placing of the Oneonta sand-

stone) has always left the great Catskill formation unaffected. So in

Pennsylvania, the 100' of transition beds at the bottom of the Ponent and

at the top of the Vergent, do not afl'ect in the least the broad fact that

Ponent 19, "Catskill" and Vergent is "Chemung." No palaeontological

discoveries can ever alter these established relationships.

The discovery of Catskill fish-forms down in the Chemung has no more

bearing on the name "Catskill" than it has on the uTixae Ponent ; for

"Catskill" and Ponent are merely synonyms for the 3000' -|- of red and

gray Banc's and shales of the Catskill-Pocono-AUeghany mountain range

which present a continuous outcrop from the Hudson to the Potomac.

The discovery of Catskill fish-forms down in the Chemung merely adds

one more item of evidence to the now almost accepted conviction that the

task of devising geological names of the first and second order cannot

safely be entrusted to paheontologists, but that they must limit their

function as namers of strata to names of the third and fourth order, as the

geologists of the continent of Europe have been content to do for some
years back, designating the groups of beds in a subdivision of a forma-

tion by some characteristic fossil form ; as, for instance :

—

Trias ; 1.

Gr^s bigarre ; 1. b. Ores a Woltzin. The fact is becoming patent to all eyes,

that the occurrence of special fossil forms in a rock is no evidence of the

exact age of that rock until after its exact age has been settled topographi-

cally or structurally.

If then the new fish-form be a Catskill fish found in Chemung rocks,

it will not make the upper part of the Chemung, Catskill. It merely

happens that a Chemung fish is also a Catskill fish. And so of any other

fossil form discovered under similar circumstances.

Mr. Lesley added that the discovery of the Kingsmill White Sandstone

fossils by Prof Claypole is important for the future settlement of the

question : What becomes of the Catskill formation going west into Western

New York, Ohio and Michigan ? If we could trust the evidence of fossil

forms for establishing a lilhological horizon — if we were sure that there

were an immovable horizon extending more than 500 miles (S. E. and N.
W.) characterized by Hall's Eaomplialus depressus, and Cypricardia con-

Practa, Winchell's Edmondia mquimarginalis, and Shumard's Allorisma

Hannibalensis—and if this horizon be seen at Marshall in Michigan just

under the Coal measures, at Panama in Western New York considerably

below the Venango Oil measures, and in Perry County, Middle Pennsyl-

vania, just below the bottom of the great Catskill formation—everybody

who believes in this kind of evidence must accept the conclusion that

there is a time gap in the ^lichigan and Northern Ohio section to be

measured by many thousand feet of Pennsj^lvania strata, the majority of

which are Catskill ; and that this gap happens between the "Marshall

grit" of Michigan and the next overlying strata.
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But the fact must be kept in view, that no interval of time can elapse

between emergence and resubmergence, without the interval being ac-

cented by erosion which has gone on during the interval. If the time

interval in question extended through the Catskill era, Michigan standing

above sea level, there should not onlj- be a plane of paleontological non-

conformity, but also nonconformable bedding ; and, in soft Devonian

measures, this would be deeply sculptured. Xone such being known in

Michigan, we must conclude that the time-interval was spent under

water ; but in that case sedimentation must have gone on. We are there-

fore shut up to the conclusion that several thousand feet of Perry County,

Pennsylvania, deposits are represented by a few yards, feet, or perhaps

only inches of Michigan rocks ;
yet nevertheless perfectly and conforma-

bly represented.

Early Records of the Society.

Mr. Lesley, in reporting the completion of his MS. Con-

densed Copy of the Minutes of the Society, upon which be

has been engaged, at intervals, during the last two years,

said

:

These Minutes, preserved in ten volumes, commence with Franklin's

letter of 1744, and reach to the last meeting in December, 1837, after which

the Proceedings were regularly printed for the use of the members, at first

four times, and then twice a year, the first issue of 1838 being numbered 1,

and the last issue of 1882, 113.

Vol. I, 1838, 1839, 1840, contains Nos. 1 to 14.

Vol. II, 1841 '3, contains Nos. 15 to 26.

Vol. Ill, Celebration of the Hundredth Anniversary, No. 37.

Vol. IV, 1845'7, contains Nos. 38 to 39.

Vol. V, 1848 to 1853— i^os. 40 to 50.

Vol. VI, 1854 to 1858— Nos. 51 to 60.

Vol. VII, 1859 to 1860— Nos. 61 to 64.

Vol. VIII, 1861. contains Nos. 65 and 66.

Vol. IX, 1863 to 1864— Nos. 67 to 72.

Vol. X, 1865 to 1868— Nos. 73 to 80.

Vol. XI, 1869 and 1870— Nos. 81 to 85.

Vol. XII, 1881 and 1872— Nos. 86 to 89.

Vol. XIII, 1873 and 1874— Nos. 90 and 91.

Vol. XIV, 1875, contains Nos. 93 to 95.

Vol. XV, 1876, contains No. 96.

Vol. XVI. 1876 and 1877. contains Nos. 97 to 99.

Vol. XVII, 1877 and 1878—

<

Nos. 100 and 101.
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Vol. XVIII. 1878 to 1880— Nos. 102 to 106.

Vol. XIX, 1880 and 1881— Nos. 107 to 109.

Vol. XX, 1881'2'3— Nos. 110 to 113.

Vol. XXI, 1883, June onward,— No. 114.

I propose that as a substitute for Vol. I, now out of print, the Society

shall print a Vol. I, beginning in 1744 and containing the condensed Min-

utes of ninety-six years, i. e., up to the beginning of 1841, thus including

a condensed reprint of the present Vol. I.

The MS. which I lay on the table consists of reports of the Proceedings

of every stated, adjourned or special meeting in more than seventy years,

condensed ; omitting nothing of the nature of an act or fact however un-

important, but stating it in the fewest possible words, and using a certain

number of easily understood contractions, such as Soc, Lib., Don., Cora.,

for Society, Library, Donations, Committee, &c., in order to get as many
paragraphs as possible to occupy each not more than one line of printed

text.

Another means made use of for diminishing the bulk of the MS. was
the omission of all titles and initials to proper names, except in cases where

the title or initial was needful to distinguish one individual from another

of the same name.

"With the same object in view, the lists of members present at meetings

subsequent to 1800 are only given on important occasions, or at times when
the Society was specially active or specially inactive, or after numerous
admissions of new members, or at elections, or during debates protracted

from meeting to meeting.

Much space was saved, and great clearness given to the record, for con-

sultation, by ignoring most of the prolix formality and tedious verbiage of

.both minutes and resolutions. Short formulae were adopted for many of

the constantly recurring proceedings, such as references to and reports

from committees. But resolutions of the slightest financial or historical

importance are given verbatim ; and where they are contracted or con-

densed, the essential wording is retained, and every word or sentence in

the original is furnished in the copy with quotation marks, to obviate the

necessity of reference to the original for the purpose of verifying the real

meaning of the transaction.

Quotation marks are used throughout the copy, and by these the com-

pleteness of the copy as well as its fidelity, can be judged.

All unusual spellings of words and names are followed by the signal

(sic). Many of the names of members are spelled by different Secretaries,

in diflFerent years, and in the same year, in two or more ways ; as for ex-

ample : Lesueur, Le Sueur, Le Seur ; Beesley, Beasley ; Du Ponceau, Du-
ponceau ; Nicholls, Nicolls, Nichols ; Pennington, Pienington ; and even
Vaughan, Vaughn. Many of these variations are not due to careless tran-

scription, but to unestablished orthography. This is especially apparent
in the lawless variations in the use of initial capitals, especially in the ear-
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lier years. All these curious features of our minute books have been sedu-

lously retained in making the copy.

All annotations are placed in brackets.

Side notes, corrections and blanks are noted.

Thirty or forty blank pages have been left, in different parts of the mass

of copy, to be filled by a literal copy of the original MS. in such cases as

the letters of Jefferson, or long resolutions, every word of which should be

retained. This filling-in can be done by a careful copyist at any time

previous to the publication of the copy, or while it is going through the

press.

For nearly fifty years the records of the earlier years of our Society have

stood exposed to destruction, especially by fire ; and it is surprising that a

copy of them has never been made before now. The present copy is pre-

served by the President in the fire-proof vault of the "Western Saving Fund
Society, Walnut and Tenth streets, to be forthcoming at the order of the

Society.

Its publication would not only secure it against destruction, but would

no doubt give lively satisfaction to the members of the Society, who would

then for the first time be able to gratify a natural and affectionate curiosity

respecting the origin, growth, struggles and labors of the venerable institu"

tion to which they belong. Most of the names of noted Philadelphians ap-

pear in these minutes, and many famous men of other States, and of foreign

countries.

Not the least important feature of the record is its representation of the

first appearance of potent ideas ; the first efforts for the improvement of

the mechanic arts ; the first steps taken in scientific paths ; early explora-

tions of the New World ; with a pronounced eagerness to import the facul-

ties of the Old World into it. It is not so much a record of the growth of

an American Society, as a record of the growth of society in America, and

in this sense alone it possesses an exti'aordinary historical value.

If printed, it will make a volume of about 400 pages, and can be cursorily

read through at two or three sittings. The reader will probably feel

what the biologist feels while spending some hours in watching, through

his microscope, the metamorphoses of one of the protozoa.

The printing will be cheap, as it is all plain copy, and will require little

or no correction.

It should be printed as one of our set of Proceedings ; and entitled " The

Proceedings of the American Philosophical Society, Vol. I, Part I, from

1744 to 1838," or simply Vol. I, 1744 to 1848. It will then be placed by cor-

responding societies and libraries in its proper place at the beginning of

the row of our Proceedings, the present Vol. I, will be recognized (even

without reprinting its title page) as Vol. I, Part II. But it would be well

for the Society to print an extra title page, to go out with it, and be pasted

by our correspondents over the old title page of Vol. 1, designating that as

Part 2.

The principal use of this volume, well indexed, will be for referring to the
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past action of the Society on subjects of order and discipline, ownership of

property, and financial investments, which have always necessitated refer-

ences to the written minutes tedious and often unsatisfactory. Also, when

questions arise as to the ownership and history of the objects of art and

books in the possession of the Society, this printed record will be found

convenient.
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